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ABSTRACT 
A genetic analysis was conducted in Landrace (LR) and Large White (LW) 
pigs from a breeding company selected by an index for increased growth 
rate and decreased backfat thickness. The two breeds were housed 
together and the environments were the same. The performance test 
started at 35 kg body weight and the duration of the test varied around 
58 days. All pigs were individually fed according to a scale 
determined by time on test. The scale for boars was close to 
ad-libitum but that for gilts was more restricted. 
All estimates of heritability for growth rate and backfat depths from 
paternal half-sib analysis of variance over sexes and breeds were 
significantly different from zero and ranged from 0.18 to 0.58. The 
genetic correlations between growth rate and backfat measurements in 
boars of the two breeds were generally unfavourable but low and not 
significantly different from zero, with an average value of 0.08. In 
the guts of the two breeds, on the contrary, they were favourable and 
significantly different from zero, with an average value of -0.39. 
No evidence of negative maternal rearing effects on litter traits was 
detected. Estimates from restricted maximum likelihood analysis of 
litter size, of heritability and repeatability respectively, were 
0.07±0.04 and 0.15 in LR and 0.12±0.04 and 0.14 in LW pigs. 
Average effective selection differentials for the index in standard 
deviation units per generation in LR and LW pigs, respectively, were 
1.17 and 1.23 in males and 0.80 and 0.81 in females. A comparison 
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between observed and maximum potential selection differentials for the 
index indicated that about 72% of selection opportunity in the primary 
criteria was used in male selection and about 59% in selecting females 
in the two breeds. A comparison of weighted and unweighted selection 
differentials implied that fatter animals generally contributed more 
offspring than leaner ones. The index for both sexes in the two breeds 
showed that growth rate received major emphasis, and extra attention 
was paid to this trait in actual selection. Possible reasons for the 
above were discussed. 
Generation intervals based on average age of parents were 1.19 and 1.21 
years in LR and LW, respectively. Expected annual selection responses 
were predicted from estimated genetic parameters, effective selection 
differentials and generation intervals. Predicted annual responses, 
expressed as a percentage of mean, over sexes and breeds ranged from 
1.52 to 2.51 for growth rate and from 1.36 to 4.32 for backfat depths. 
The most important conclusion is that the genetic correlation between 
growth rate and backfat thickness is strongly influenced by feeding 
regime and associated with partitioning of energy intake between lean 
and fat deposition. 
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Chapter 1. introduction 
A primary aim of animal producers is to obtain maximum economic 
benefits. So traits highly associated with economic gain have been the 
dominant objectives for animal breeders in their breeding programmes. 
In pigs, the majority of scientific selection experiments and practical 
pig breeding programmes have centred on the improvement of growth and 
carcass traits over the last 30 years. This is because the combination 
of expected responses and economic value meant that greatest economic 
responses were expected to be obtained by selecting for these traits. 
In fact, positive genetic responses for these traits have been achieved 
in both selection experiments and practical breeding programmes (Cook 
et al, 1971; Mitchell et al ,1982; Smith et al, 1983; 	Smith, 1983; 
Glodek, 1986). For instance, about 2% genetic improvement in the 
efficiency of feed conversion has been obtained per year in Britain 
(Mitchell et al, 1982). 
Litter size in pigs has not figured prominently in many breeding 
programmes (Vangen, 1980; Haley et al, 1986). This is because litter 
size, with a low heritability (about 0.1) and only expressed in mature 
females, was regarded as difficult to improve by means of conventional 
selection methods, and the omission of litter size from selection index 
including growth and carcass traits was predicted to result in only 
slight losses in economic efficiency (Smith,1964; Moav and Hill, 1966; 
Morris, 1975; 	Elsen and Sellier,1978; 	Clarke and Smith, 1979 ). 
However, several workers have recently discussed the possibility of 
improving litter size in the pig by means of traditional selection 
techniques (Johansson, 1981; Vangen, 1981; Hill, 1982; Hill and 
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Webb, 1982; Bichard and Seidel, 1982; Avalos, 1985; Avalos and 
Smith, 1986; Haley et al 1986 ). High rates of the response are 
expected to be achieved by taking advantage of the large coefficient of 
variation, the availability of records of family information and the 
short generation interval. 
Genetic improvement in pigs relies on the ability to identify suitable 
selection criteria and to predict precisely the consequences of 
selection on these criteria for both the selected traits and correlated 
traits of economic importance. The major components of the economic 
performance in pigs are growth rate, food conversion ratio, carcass and 
litter traits (Fowler at al, 1976; Smith, 1983; Smith, et al, 1983). 
A problem of combining selection for each of these economic traits into 
a single breed may arise from genetic antagonisms between traits or 
because such large numbers of traits need to be considered that 
selection pressure on any one trait would be small. The formation of 
specialized sire and dam lines relies on the understanding of the 
genetic and phenotypic parameters of and among traits. 	Precise 
estimates of population parameters can be used to develop selection 
critera which will maximise response in the desired direction. 
Although numerous estimates of heritability are available for the 
economic traits, estimates of genetic correlations are somewhat 
limited. Furthermore, testing procedures have varied from study to 
study and most of the estimates available for growth and backfat 
measurements have been obtained from boar performance testing based on 
either ad-libitum or twice per day to-appetite feeding. Estimates of 
genetic parameters under restricted feeding are very limited in the 
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literature. 
Selection, defined as differential reproduction among individuals with 
different phenotypes, is the primary force for improving average 
genetic composition of a population. Effective selection demands a 
knowledge of the genetic parameters for economically important traits 
1' 
plus the a.ication of selection within the population. Selection 
applied is usually measured by the observed selection differentials or 
by an index that expresses the average relative weight given to 
observed selection differentials for each traits involved in multiple 
trait selection (Robert et al, 1974). 	Initial culling on visual 
assessment of the conformation, natural selection, intended and/or 
unintended attention to other traits or chance may modify actual 
selection as compared with selection intentions. Genetic changes from 
selection are reflected in phenotypic values of offspring from selected 
parents and form a basis for evaluating selection effectiveness. 
Evaluations of the effectiveness of selection have been extensively 
conducted in both dairy and beef cattle (Robert et al, 1974; Buchanan 
et al, 1982; Frahm et al, 1985). However, relatively few have been 
carried out in pigs. 
This thesis is concerned with estimates of genetic parameters of some 
economic traits, evaluation of the effectiveness of selection applied 
and prediction of responses to selection in pigs from nucleus herds. 
Initially, studies on estimates of genetic parameters are reviewed 
briefly. The analytical section of the thesis is in two parts, and 
each of them consists of two separate chapters described below. The 
full details of material and methods of analyses are described in each 
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chapter. 
Part I. Parameter Estimates 
Chapter 3. Growth rate and backfat thickness 
Various genetic and environmental components of phenotypic variance and 
covariance in these performances are estimated. The differences of the 
genetic variance and covariance, and residual variance between sexes 
under different feeding regimes are of special interest. 
Chapter 4. Litter traits 
The heritabilities and repeatabilities are estimated. The maternal 
effects on the estimates are also taken into account. 
Part II. Prediction of responses to selection 
Chapter 5. Measurement of selection applied 
Various selection differentials are calculated using different methods. 
Effectiveness of selection is evaluated by comparing the different 
selection differentials. 
Chapter 6. Selection responses 
Responses to selection in the selected traits are predicted from the 
estimated parameters and effective selection differentials. 
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Chapter 2. 	 Literature Review 
Introduction 
In pigs, many papers have been published containing estimates of 
genetic parameters of economic traits. Most early estimates have been 
obtained as a by—product from populations established for various types 
of selection studies, and concerned several breeds under different 
management and different selection policies. The genetic parameters 
were estimated across a wide range of environments with possible 
confounding effects, which might be expected to reduce agreement among 
the estimates in different analyses. In this section, firstly, effects 
likely to influence the estimates of genetic parameters in the previous 
studies are reviewed. Secondly, the parameter estimates from the 
literature are summarised. Studies concerned with selection related to 
the present study will be reviewed in the relative chapters. 
1. Effects likely to influence the genetic estimates 
Estimates of the genetic parameters in the literature are usually 
subject to rather large sampling variation. This is because, besides 
other factors (e.g. analytical technique), the effects influencing the 
genetic variance and covariance in different studies are not the same, 
indeed sometimes very different. 
1) Effects of feeding regime on growth rate and backfat thickness 
It was hypothesized (Kielanowski, 1968) that backfat thickness should 
5 
be decreased by using growth rate alone as the selection criterion with 
scale feeding. Fowler, Bichard and Pease (1976) discussed a system in 
which pigs are selected for lean tissue growth rate estimated at the 
end of a performance test of set duration and food intake. One of the 
expected consequences of this type of selection is that animals would 
be favoured which grew quickly because they were able to partition 
energy toward lean and away from fat deposition, since lean tissue has 
a lower energy cost than fat. Evidence in support of this expectation 
was found in studies on selection for growth rate in pigs by Fowler and 
Ensminger (1960) and in mice by Falconer and Latyszeweski (1952). 	In 
lines selected on both ad-libitum and restricted feeding, the latter 
performed better overall. Improvement in the ad-libitum lines was 
largely due to an increase in the rate of intake of food whereas in the 
restricted lines it derived from an improvement in the efficiency of 
use of each unit of food consumed. 
In their review of the effect of feeding regime on genetic variation, 
standal and Vangen (1985) concluded that the genetic correlation 
between growth rate and feed efficiency decreased from about -0.9 under 
restricted feeding to about -0.6 under ad-libitum feeding. More 
e t 
recently, in an analysis of experimental data, McPhee,(1988) found that 
the genetic correlation between growth rate and backfat thickness was 
favourable (-0.22±0.20) on scale feeding, while an unfavourable 
correlation (0.35±0.35) was observed on ad-libitum feeding. Although 
neither of the estimates was significantly different from zero, the 
results indicate that the genetic correlation between growth rate and 
backfat thickness might be influenced by feeding regime. 
The effect of feeding regime on the heritabilities of growth and 
carcass traits is uncertain. Standal and Vangen (1985) noted that 
genetic variation was expected to increase under ad-libitum feeding and 
quoted Schneider's (1974) conclusion that the genetic variation of 
growth rate and food conversion ratio tended to be increased under 
ad-libitum feeding, while for carcass traits, genetic variation was not 
much influenced by feeding regime. However, the effect of feeding 
regime on the estimates of the heritability is not clear because the 
phenotypic variance might also be increased under ad-libitum feeding 
(Cameron et a, 1988). McPhee et al (1988) reported 	that 
heritabilities of growth rate and backfat thickness were, respectively, 
on scale feeding, 0.41±0.15, 0.60±0.17; 	on ad-libitum feeding, 
0.28±0.19, 0.34±0.19. These estimates showed a tendency, although not 
significant, for heritability values of these traits to be higher on 
scale feeding than on ad-libitum feeding. On the contrary, Cameron et 
al (1988) found that the heritability estimates for backfat depths 
under restricted feeding were considerably lower (with an average value 
of 0.06) than those under ad-libitum feeding (with an average value of 
0.60). They then hypothesized that under restricted feeding the 
ability of pigs to express their genetic potential for fat deposition 
was reduced, and common environmental effects were not obscured. 
Although a number of other papers have been published on the estimates 
of the heritability for growth and carcass traits under different 
feeding regimes over the last 40 years, most of the data used were from 
testing station records and it is difficult to be sure whether the 
feeding is really ad-libitum or not and the level of the restriction 
imposed on daily feed intake is not always the same in the different 
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studies. It is therefore difficult to compare the effect of feeding 
regime on the estimates of the genetic parameters from different 
studies. 
Effects of housing system on growth and carcass traits 
The difference between estimates of heritabilities for growth traits 
obtained from different studies may be partly due to the different 
housing systems employed (Jonsson, 1959; 	Smith, 1962; 	Webb, 
1983,1986; Standal and Vangen, 1985). Jonsson (1959) compared the 
variation among group-fed and individually-fed pigs in Denmark and 
found that the heritability of daily gain in the latter (0.63) was 
higher than that in the former (0.24), while little difference for 
backfat thickness between the two systems was found (see table 2.1). 
He then explained that for growth traits individual feeding could 
reduce intralitter competition and result in the reduction of the 
intralitter component but have no effect on the sire component. This 
was confirmed by Standal and Vangen (1985) in Norway, although the mean 
daily feed intake was a little different between two housing systems. 
Effect of selection on genetic parameters 
The effect of selection can influence both the heritability of the 
selected trait and the genetic correlations of the selected trait with 
other traits. Falconer (1981) made a distinction between two sorts of 
effect of selection on genetic variance. The first is that selection 
reduces the ratio of variance between family to within family and 
therefore results in a reduction of the heritability by generating 
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gametic phase disequilibrium. This kind of effect of selection on the 
genetic variance is mostly obtained by the second generation of 
selection. The second sort of effect of selection is to exhaust 
genetic variance gradually by fixing all the favourable alleles 
originally segregating in the population in a long term. 
In pig breeding, after comparing different degrees of variability for 
daily gain, food conversion, backfat thickness and carcass length 
between British Large White and Danish Landrace, Smith et al (1962) 
suggested that the lower variability of the Danish pigs may be due to 
the effect of long term selection in improving these traits. Hill and 
Webb (1982) stated that for traits such as leanness it may beinot easy 
to achieve further improvement because less variation remained after 
long term selection. Comparing the estimates of the heritability for 
growth and carcass traits in table 2.1, we see that the estimates of 
heritability have become lower from 1960s to 1980s. This may be, 
besides other factors (e.g. analytical technique, selection biases in 
past generation and feeding regime), due to these traits having been 
the prevailing objectives in breeding programmes. 
If several traits are selected at the same time, Falconer (1981) stated 
that the genetic correlations between them will become negative 
eventually, as desirable pleiotropic genes that affect these traits 
will be fixed rapidly by selection and only those unfavourable 
pleiotropic genes will remain to generate the correlations. 
4) Maternal effects 
Maternal effects on litter traits, defined as effect of size of Litter 
in which the animal is born or reared on subsequent performance, are 
known to be important in estimating genetic parameters for reproductive 
traits. A maternal effect, proposed by Falconer (1955,1965), could 
produce a negative environmental correlations between the daughter's 
and dam's litter size. 	It should be reflected in a depressed 
heritability estimated from daughter-dam regression compared with that 
estimated from paternal half-sib correlation or granddaughter-granddam 
regression. 
Numerous studies on maternal effects in pigs have appeared in the 
literature. Revelle and Robison (1973) found that guts born in small 
litters produced larger litters than those born in big litters. 
Also,the estimate of the heritability from daughter-dam regression 
(0.13*0.06) was less than half that from granddaughter-granddam 
regression (0.28±0.26) although the estimates were not significantly 
different. Furthermore, they found that daughter-dam regression within 
the group of the dams with small, average and large litter size was 
positive (0.098), zero (0.005) and negative (-0.065), respectively. 
They concluded that these results were evidence of undesirable maternal 
effects on litter size. Later, several studies aimed at detecting the 
maternal rearing effects have been performed (Nelson and Robison, 1976; 
Skjervold, 1979; Rutledge, 1980; Van der Steen,1985). These studies 
demonstrated that the guts raised in large litters (12 piglets) had 
smaller litters, a reduction of 0.48 piglets, compared with guts 
raised in small litters (6 piglets) (Van der Steen, 1985). 
Following Revelle and Robison (1973), Vangen (1980) divided dams into 
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three groups according to their litter size : large, average and 
small. He then found that the daughter-dam regressions were 
negative,positive and negative for the three groups, respectively. 
This differs from the other observations. Although none of these 
estimates differed significantly, it provided an indication that 
negative maternal effects exist both in small and large born and reared 
groups. 
Another important study was presented by Alsing, Krippl and Pirchner 
(1980). classifying daughter-dam regressions according to whether the 
dam's litter being the litter where the daughter was born or not, they 
found that the regression of daughter on her birth litter was much 
smaller than that on the other litters. Although the differences were 
not significant, this method has the theoretical advantage of detecting 
the negative maternal environmental effects on the gilts' own genotype. 
Estimates of the heritability of litter size seem to be also affected 
by the parity number. Vangen (1980) regressed the daughter's first 
litter on the daughter's birth litter and the daughter's second litter 
on the daughter's birth litter, and found a greater heritability from 
the latter (0.44±0.11) than that from the former (0.08±0.08). He then 
suggested that the negative environmental correlation between dam's 
litter and daughter's litters was reduced in later litters of the 
daughter. It was suggested by Revelle et al (1973) that there is more 
social and/or nutritional competition (stress) in large litters, which 
can delay the physiological maturation of the reproductive system until 
guts produce their first litters. 
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However, reviewing several studies on litter size in the pig, Haley et 
al (1986) stated that the maternal effect in practical pig husbandry is 
smaller compared with that detected from artificial experiments. The 
main reason is that cross fostering in practice would reduce the 
differences of litter size. This was confirmed by Avalos (1985) by 
analysing cross fostering data from breeding company populations. 
Comparing the heritabilities estimated from different relatives and 
individual parities (see table 2.), he found that all the estimates 
were similar (range from 0.08 to 0.12) and concluded that maternal 
environmental effects may be negligible under modern management 
practice. 
The maternal effect on growth and carcass traits is uncertain. There 
are some reports in the literature about the influence of the maternal 
effects on post-weaning performance, which showed no significant effect 
of litter size on growth and carcass traits (Smith and Donald, 1939; 
Fredeen and Plank, 1963). However, Standal (1973) found that pigs from 
gilt litters and especially large gilt litters grew more slowly than 
average. For second litters the size did not seem to be important. 
Similarly, Willeke and Richter (1979) reported that the effect of 
parity was highly significant on growth rate and backfat thickness, 
while the effect of litter size was highly significant on growth rate, 
but not on backfat thickness. 
If maternal effects truly exist and influence either reproductive or 
productive or the both traits, they should also affect the genetic 
correlations between reproduction and growth and carcass traits. In a 
literature review, Johansson (1981) averaged the genetic correlations 
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of litter size with daily gain and with feed conversion ratio obtained 
from different breeds with different relationships among relatives from 
two studies (Morris, 1975 and Johansson, 1981a). He found that the 
genetic correlations were near zero in the first parity, while in the 
second parity the litter size was favourably correlated to gain and 
feed conversion. Although this calculation is less conclusive due to 
large variation among breeds and relatives, it provided an indication 
that maternal effects may influence the genetic correlations of 
reproduction with the other traits in the pig. 
2. Parameter Estimates 
1) Estimates of the heritability of growth and carcass traits 
The heritabilities of growth and carcass traits are the most 
extensively estimated genetic parameters of the pig in the last 40 
years. This is because these traits are easy to measure, and 
particularly highly associated with economic benefits and therefore 
they have been the main improvement objectives. Test station records 
have been the dominant source of the data sets and all the estimates 
adopted in this review are for Large White and Landrace pigs so making 
comparison between published values and parameters estimated from the 
present study possible. All the heritabilities summarised in table 2.1 
are paternal half-sib correlations. The measurements representing 
different traits were not always identical in different studies. For 
instance, feed conversion ratio was calculated either on a live-weight 
(e.g. Smith et al, 1962) or on a carcass-weight basis (e.g. Smith et 
al, 1965), backfat thickness was taken as the average of different sets 
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Table 2.3. A summary of heritabilities for daily gain (DG) ,feed conversion 
ratio (FCR) and backfat thickness (BF) in the literature (in percentage) 











1 LR md. scale 468 3744 51 59 55 
2 C+G LR md. appetite 1173 5996 63 50 
C+G LR group appetite 494 2591 24 56 
3 C+G LW ind. appetite 200 1962 41±10 50±10 66±10 
4 LR md. scale 935 5996 45 48 47 
5 C+G LR md. appetite 246 1084 41±10 48±10 74±10 
6 B LW md. appetite 3640 26±6 31±6 22 
B LR md. appetite 1970 13±7 27±9 28 
C+G LW grouo. appetite 3640 33±7 66±9 51 
C+G LR . group appetite 1970 26±9 36±10 52 
7 B LW-i-LR md. appetite 22 28 33 
C+G LW+LR group appetite 28 57 94 
8 B LW md. ad lib. 70 935 40 12 55 
B LP.. md. ad lib. 48 767 25 45 25 
B LW+LR md. ad lib. 118 1702 36±10 27±8 47±11 
9 C+G LW group 2403 24±10 26*10 
10 B LR md. scale 407 1650 39±10 35±9 41±10 
sib group scale 451 2564 20±6 23±6 56±8 
11 0-i-B group appetite 28±19 34±19 
scale 41±15 60±17 
12 0-i-B LW md. appetite 59 442 41±25 41±23 60±27 
scale 55 303 76±30 56±29 6±24 
References: 
1. Fredeen and Jonsson (1957) 	2. Jonsson (1959) 
3. Smith, King and Gilbert(1962) 4. Jonsson and King (1962) 
5. Smith and Ross (1965) 	 6. Norris (1975) 
7. Cook(1977) quoted by Avalos(1985) 8. Ncphee,Srennan and Duncalfe(1979) 
9. Jeffries and Peterson (1982) 	10.Standal and Vangen (1985) 
McPhee, Ratbmell, Daniels and Cameron (198) 
Cameron, Curran and ThomDson (198) 
Animals: C=castrates 	G=gilts 	a--boars 
14 
of measurements in different analyses and either as the ultrasonic 
measurement on boars or as the measurement on the carcass with calipers 
on the sibs. These differences in the traits used might be expected to 
reduce agreement between the estimates of the heritabilities. However, 
if comparing Large White with Landrace and looking at the trend of the 
heritability on time, we find that the heritability of daily gain for 
Large White is higher than that for Landrace, and the heritabilities of 
the three traits become lower from 1960s to 1980s. The averaged 
estimates of heritabilities in 1970s and 1980s (excluding results of 
Cameron et al due to small sample size) are 0.28 for daily gain, 0.35 
for food conversion ratio and 0.44 for backfat thickness. 
Estimates of the genetic correlation between growth rate 
and backfat thickness 
Although estimates of the genetic correlation of growth rate with 
backfat thickness and feed conversion ratio vary from study to study in 
the literature as summarised in table 2.2, there is an evidence to show 
that feeding regime influenced the estimates. The genetic correlations 
under restricted feeding were more favourable than those under 
ad-libitum feeding. 
Estimates of the heritability of litter size 
As for growth and carcass traits, the heritabilities of litter size 
presented in table 2.3 were estimated from large data sets in Large 
White and Landrace populations. In order to compare the estimates from 
different relationships, table 2.3 summarises the heritabilities 
15 
Table 2.2 Genetic correlations of growth rate with backfat thickness 
and feed conversion ratio (in percentage) 
Feeding 
Ref. Breeds regime 	FCR 	MF 	CF 	KF 	LF 	SF 
 LW appetite -69 4 	-2  
 LR appetite -71±18 -26±18 	-44±18 -25±18 
 23±25 
 LR scale -90±2 -27±2. 
 LW+LR appetite -91 29 
 LW-i-LR scale -22±20 
appetite 35±35 
 LW scale -103±20 
appetite -69±2 
References: 
Smith, King and Gilbert (1962) 
Smith and Ross (1965) 
Roy, Boylan and Seale (1968) 
.4. Flock (1970) 
Cook (1977) quoted by Avalos (1985) 
McPhee, Rathmell, Daniels and Cameron (1988, in press) 
Cameron, Curran and ThomDson (1988) 
FCR = food conversion ratio 
MF, CF, KF, LF and SF refer to mean, C, g, loin and shoulder 











Table 2.3 	Heritability estimates for litter size at birth 
(in percentage) 
No. of litters or 







































































































1. Legault (1970) 	 2. Strang and King (1970) 
3. Eikje(1970) quoted by Jofansson(1981) 	4. Morris (1975) 
5. Willeke and Richter (1978) 	 6. Young et al (1978) 
Strang and Smith (1979) 
Christensten (1980) quoted by Johansson (1981) 
Johansson and Kennedy (1982) 	 10. Avalos (1985) 
11. Johansson and Kennedy (1985) 
h(HS) = heritability estimated from paternal half-sib correlation. 
h(DD) = heritability estimated from daughter-dam regression. 
* above average herd 
** below average herd 
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estimated from both paternal half-sib correlations and daughter-dam 
regressions in individual parities. The average of the heritabilities 
estimated from paternal half-sib correlations is close to 0.10 and, 
although the environments in different studies might be very different, 
there is only one large deviant (0.66 from Young, 1978). 	From 
daughter-dam regressions the average is close to 0.11 with one large 
deviant (0.45 from Willeke and Richter, 1978). 
4) Estimates of the genetic correlation between litter size 
and growth and carcass traits 
Estimates of the genetic correlations of litter size with growth and 
carcass traits in the literature are only a few. One of the studies in 
Britain was reported by Morris (1975). Using data from 27 Large white 
and 14 Landrace herds, he estimated the genetic correlations but with 
large standard errors as shown in table 2.4. He concluded that the 
genetic correlations were very small. 
Table 2.4 sunimarises several estimates available in the literature. 
Legault (1971) found unfavourable genetic correlations between litter 
size and daily gain, feed conversion ratio and backfat thickness. 
Johansson and Kennedy (1983) also estimated an unfavourable genetic 
correlation between litter size and backfat thickness with one deviant 
(-0.05), but no standard error given. 
Several other studies have shown the correlated responses in litter 
size when selecting for growth and carcass traits based on selection 
indices (e.g. Vangen, 1980). 	However, it is not clear what the 
iff 
Table 2.4 	Summary of genetic correlations of litter size at birth 
with growth and carcass traits (in percentage) 
No. of 
Ref. Breeds litters Parity DG 	FR 	BF 
1. 	Minnesota aoo pooled 6 
2. LW 1140 pooled -8 8 11 
3. 	LW 1454 1 5±30 -22±30 -27±30 
2 7±30 -13±30 -31±30 
pooled 6±30 -15±30 -18±30 
LR 707 1 14±45 6±45 -13±45 
2 85±45 -42±45 -90±30 
pooled 44±45 -21±45 -36±45 
4. 	LW 2824 1 22 
2 13 
LR 5516 1 13 
2 -5 
References: 
Vogt et al (1963) 
Legault (1971) 
Morris (1975) 
Johansson and Kennedy (1983) 
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coefficients of the genetic correlations of litter size with the other 
two traits were. 
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Part I 	PARAMETER ESTIMATES 
Chapter 3 Growth and Carcass Traits 
Introduction 
In this chapter, various genetic and environmental components of 
phenotypic variance and covariance in growth and carcass traits were 
estimated. The particular interests are the differences of the genetic 
variance and covariance, and the residual variance between sexes under 
different feeding regimes. 
1 Material 
1) General description 
The data were collected and kindly provided by a breeding company from 
the large nucleus herds of two breeds, Large White and a synthetic 
strain which was largely of Landrace origin. The data available for 
the current analysis were collected from 1979 to 1986. The number of 
records is summarised in Table 3.1. The two breeds were from a single 
farm and were housed together in the same environment. The performance 
test was designed to start at 35 kg body weight and the duration of the 
test was about 58 days with fluctuations of 1 or 2 days due to 
holidays. Both boars and guts were individually fed according to a 
scale determined by time on test (see table 3.2). The feed allowance 
was kept the same for each individual within sex and fixed in each 
period (week) of the test. The feed refused was removed but not 
weighted. At the end of the test, daily gain, feed conversion ratio 
and ultrasonic fat depth were measured for both sexes. The selected 
guts were mated by hand at around 8 months of age. Those failing to 
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Table 3.1 	Sununary of records available for analysis 
LP LW 
Years 7 7 
Sires 167 164 
Dams 620 549 
Litters 1571 1553 
Boars 4722 4160 
Guts 5386 3887 
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Table 3.2 	 Daily feeding scale (grammes) 
used in different test periods 
Boars 	 Gilts 
Week 
Since- 
6.82 	6.83 	9.84 	 6.82 	9.84 
1 1824 1694 1694 1462 1462 
2 2088 1936 1936 1694 1694 
3 2280 2152 2152 1936 1936 
4 2380 2380 2380 2152 2152 
5 2458 2560 2560 2152 2338 
6 2560 2702 2740 2338 2459 
7 2646 2764 2900 2338 2560 
8 2712 2764 3000 2458 2646 
01 
conceive after two services were culled. Crossfostering was practised 
to equalize litter size. After producing 2 litters, most of females 
were replaced. Those producing more than 4 litters were identified as 
'Prolific saws'. Selected boars were initially mated at 8 months of 
age and were used for up to 4 months. 
A summary of changes in test procedure is given in Table 3.3. 
Any individual recorded as not eating a normal amount of feed (i.e. 
the daily feed intake for a male was more than 2.50 kg or less than 
2.25 kg and for a female was more than 2.20 kg or less than 2.00 kg) 
was excluded from the analyses. Furthermore, individuals having a 
extreme record for any trait were deleted from the data. These 
eliminations were made not only because of concerns about the accuracy 
of a single trait, but also because of concerns about the accuracy of 
the relationship between two traits. 
After these eliminations, data from 10108 LR and 8047 LW pigs remained 
available for analysis as shown in table 3.1. It should be noted that 
sex ratio in the remaining data was not 1:1, since the number of 
eliminated males differs from females. 
2) Definition of traits 
The traits of interest in the present study are: 
Daily gain on test - the average daily weight increase over the 
test period. 




Changes in test procedure 
Item 	 Time 
	 Changes 
Duration of test before Jun. 1981 
since Jun. 1981 
since Feb. 1982 
since Aug. 1985 
Weaning age 	before Jul. 1981 
since Jul. 1981 
males and females = 60 days 
males = 59 days 
males = 55 days 
females = 56 days 
males = 48 days 
28 days 
21 days 
Feed allowance 	since Jan. 1983 
since Sep. 1984 
from week 1 to 3 on test was 
decreased and from week 5 to 8 
was increased for males 
from week 6 to 8 for males and 
from week 5 to 8 for females 
were increased 
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total liveweight gain 
C. Backfat thickness (including 4 measurements): 
C : 4.5 cm off mid-line at the head of the last rib. 
K : 8 cm off mid-line at the head of the last rib. 
Loin: the minimum fat depth along the back bone near the tail. 
Shoulder: the maximum fat depth along the back bone over the 
shoulder. 
d. Litter traits: 
Number born - total number born at birth. 
Number born alive - total number born minus number dead at 
birth. 
Total birth weight - birth weight of the litter. 
2. Statistical Methods 
The following least squares model, set up by using a statistical 
package LSML76 (Harvey, 1977), was used to calculate the overall mean, 
to estimate environmental effects and to describe the time trends for 
each trait in each sex within breed. 
Yijklmn =U+Mi+Pj+Lk+Bl Xi jkl+B2 .Xi jkm+B3 .Xijkn-f-Eijklmn 	(1) 
Where 	U = the overall mean 
Ni = the effect of the ith month 
Pj = the effect of the jth parity of dam 
Lk = the effect of the kth litter size born alive 
B1.Xijkl = the partial regression of y on weight on test 
B2.Xijkm = the partial regression of y on days on test 
B3.Xijkn = the partial regression of y on age on test 
Eijklmn = the random errors 
The month adopted was the month when the test was started. Each month 
consisted of four weeks and each year consisted of 13 months. From a 
preliminary study it was concluded that the effect of average daily 
feed intake on growth rate and backfat thickness was not important. 
Also the residual variances of all the growth and carcass traits in the 
last year (from month 66 up to the end) were significantly different 
from the previous years. Instead of the whole data including 79 months 
in LR and 77 months in LW pigs, therefore, only the data in the first 
65 months for the two breeds were used to estimate the influence of 
fixed effects on growth and carcass traits. The details of residual 
variances in the different periods will be discussed later in next 
section. A summary of the time distribution of all the records 
(including the last year) is shown in Table 3.4. 
In order to get an acceptable number of observations per subclass, the 
litter size was coded in the following way: 
k = 1 : 1 - 5 live piglets at birth 
k = 2 - 9 : 6 - 13 live piglets at birth 
k = 10 : 14 - 17 live piglets at birth 
The distributions of records among parities and size of litters are 
summarized in Table 3.5. 
As there was some variation in weight on test, days on test and age on 
test within month, the regressions of the growth and carcass traits on 
them were included in the model. 
The importance of each fixed effect, i.e. 	its contribution to the 
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Table 3.4 	Time distributions of the records 
LR 	 LW 	 LR 	 LW 
Month  	Month  
M 	F 	M 	F M 	F 	M 	F 
1 36 35 11 10 41 53 51 40 34 
2 70 64 60 53 42 61 52 47 39 
3 69 62 66 47 43 95 73 40 55 
4 62 81 79 71 44 39 45 78 68 
5 66 69 52 46 45 66 71 52 32 
6 59 57 52 46 46 74 84 73 46 
7 71 60 65 68 47 51 48 80 54 
8 40 69 29 54 48 46 65 48 38 
9 55 71 61 49 49 64 70 55 88 
10 78 89 92 93 50 58 70 68 49 
11 51 36 39 18 51 68 83 50 41 
12 65 55 39 50 52 90 82 57 65 
13 48 72 57 52 53 59 87 53 57 
14 44 60 29 30 54 79 72 49 28 
15 41 64 28 46 55 55 63 47 43 
16 65 57 64 46 56 74 59 71 72 
17 92 99 50 35 57 52 84 75 66 
18 51 83 58 65 58 59 87 70 61 
19 87 54 54 77 59 40 81 47 43 
20 56 43 52 62 60 48 66 59 40 
21 70 80 41 36 61 60 78 71 63 
22 103 82 48 60 62 55 51 53 65 
23 60 78 51 68 63 58 73 63 66 
24 37 47 84 61 64 81 109 37 44 
25 63 74 25 40 65 35 49 38 67 
26 48 80 58 50 66 53 63 70 53 
27 58 81 46 40 67 35 56 26 37 
28 61 60 45 48 68 64 119 75 71 
29 22 42 65 48 69 74 81 47 42 
30 41 59 45 69 70 57 73 40 44 
31 63 41 51 36 71 33 40 50 28 
32 67 70 66 59 72 82 92 45 33 
33 63 84 73 55 73 48 62 61 53 
34 64 78 67 52 74 60 101 41 36 
35 50 72 60 41 75 31 24 46 53 
36 65 84 51 30 76 43 38 52 37 
37 58 71 53 46 77 73 58 43 40 
38 85 66 62 58 78 86 106 0 0 
39 72 69 63 45 79 38 49 0 0 
40 69 73 52 76 Total 4722 5386 4160 3887 
The sum of the first 65 months 3945 4424 3564 3360 
Table 3.5 Summary of records among parities and size of litters 
LR 	 LW 
N 	 F 	 N 
1 1384 1572 1235 1170 
2 1131 1278 1090 977 
Parities 	3 805 921 720 697 
4 395 393 335 324 
5-7 230 260 184 192 
1-5 200 234 220 221 
6 147 180 185 213 
7 292 340 333 249 
8 397 425 415 428 
Size of 	9 608 682 531 455 
litters 10 739 744 530 529 
11 653 757 511 490 
12 444 504 359 324 
13 273 293 286 255 
14-17 192 265 194 196 
Total 	3945 	4424 	 3564 	3360 
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residual mean square, was examined by omitting them one at a time from 
the given model. 
The time trends of the treatments (i.e. weight on test, days on test, 
age on test and average daily feed allowance) were described according 
to the following simple model 
Yij=U+Mi+Eij 	 (2) 
Where the effects are as described above. 
For each trait in each sex within breed, variance components were 
estimated from the following hierarchical mixed model. 
Yijkl = U + Fi + Pj + Sk + Dkl + Eijkl 	 (3) 
Where U = the overall mean 
Fi = the ith combination of fixed effects in model (1) 
except parity 
Pj = the fixed effect of the jth parity 
Sk = the random effect of the kth sire 
Dkl = the random effect of the ith dam nested in the kth sire 
Eijkl = the random errors 
Both sire and dam components were assumed to contain one—quarter of the 
additive genetic variation. The dam component also contains maternal 
effects and the effects of any other common 	environments. 
Heritabilities and genetic correlations were estimated from sire 
components of variance and covariance. 
In model (3), the regression on weight off test was omitted. The main 
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reason for the exclusion of this regression was that it could reduce 
the genetic variation. This came about because, among the progeny of 
different dams or sires, the progeny with heavier body weight at the 
end of test were those which grew faster if their weights on test were 
the same as the other ones. 
Since all sires were only used for four months and dams were not 
completely nested within sires, the above hierarchical model was not 
perfect for this study. LSML76 can not solve the full mixed model 
equation in the present study due to the confounding effect of dam with 
fixed effects of parity and litter size. REML (restricted maximum 
likelihood, Thompson, 1982) would have been preferable and could fit a 
full model to estimate variance components. However, the computational 
complexity increases rapidly, since REML estimation requires the 
inversion of the mixed model equations, which even in single trait 
analysis is demanding. It is almost impossible to inver the mixed 
model equations for every trait using the current computing facilities 
employed in the Institute of Animal Physiology and Genetics Research 
Institute (IAPGR). Thompson (personal communication) points out that 
differences of variance components estimated from the two methods would 
result in little variation in genetic parameters. The variance 
components were therefore estimated from model (3) using LSNL76. 
3. Results 
(1) Overall means and standard deviations 
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The overall means and standard deviations for growth and carcass traits 
from 1980 to 1986 are shown in Table 3.6. 
Although all the measurements within breed and sex were continously 
changing over 6 years, LW pigs consistently grew faster than LR pigs 
during the whole period of test, which is in agreement with other 
studies (i.e. Johansson, et al, 1987; McPhee, 1988). Boars grew more 
quickly than gilts, which might result from the higher feeding scale 
for boars. Feed conversion ratio (FcR) in LW was lower 	(more 
favourable) than that in LR in both sexes, but no difference of FCR 
between boars and guts was found. 
For carcass traits, backfat in all of the four points in LR was thinner 
than that in LW. Mean backfat in LR was 1.3 mm less than in LW, but 
the comparision is not based on the same body weight. LW pigs were 7.2 
kg (males) or 2.9 kg (females) heavier on average than LR at the end of 
test. No difference in mean values of backfat depths between males and 
females was observed. However, as boars had a heavier final body 
weight, they should be leaner if backfat thickness was measured at the 
same body weight. 
(2) Time trends 
The monthly (4 weeks) average for treatments (i.e. age on test, weight 
on test, days on test and feed allowance) and for the traits studied 
are graphed in Figure 3.1-11 separately for each breed and sex. As 
stated in Table 3.3 and shown in Figure 3.2a-b, there were two main 
changes for days on test. In February of 1982, it was reduced from 59 
Table 3.6 	Overall means and standard deviations 
LR 	 LW 
Terms 	 Males 	Females 	Males 	Females 
Mean s.d. Mean s.d. Mean s.d. Mean s.d. 
Age on test 




























































where NJFA = average daily food allowance. 
ST 	starting weight. 
FWT = final weight. 
P1DG average daily gain. 
CF. KF, LF and SF refer to the four backfat measurements. 
MF = average of the four backfat measurements. 
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to 55 days in males and from 60 to 56 days in females. The second time 
was in August of 1985, when in males it was dropped by 7 days while no 
changes in females. 
The most important changes in average daily feed allowance (ADFA) were 
in September of 1984 and in August of 1985, in both boars and guts. 
The reduction of ADFA in boars in August of 1985 might be partly due to 
the reduced number of days on test then. Since if the weight on test 
was kept the same, the longer the days on test, the heavier the weight 
off test. In these populations, the feeding scales were according to 
the time on test (see table 3.2). 
The possible explanation of lighter weight off test (Figure 3.5a-b) and 
lower average daily gain (Figure 3.6a-b) around month 20 and month 70 
is that the days on test were shorter (Figure 3.2a-b around month 20 
for both sexes and month 70 for males) and that the feeding was more 
restricted. The reason for higher weight off test and ADG around month 
65 is that ADFA was increased at that period. 
Feed conversion ratio 1FcR) was highly negatively correlated with ADG 
and no differences of FR were observed between sexes. It is clear 
from Figure 3.5a-b, 3.8a-3.1lb that backfat depths of individuals were 
positively correlated with their own body weights. For instance, all 
the four backfat measurements around month 20 decreased as body weight 
was reduced, which could be an effect of the shorter days on test in 
that period. 
(3) Influence of fixed effects 
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Significance levels for different fixed effects and the percentage 
increase in residual mean squares by omitting the fixed effect are 
given in Table 3.7. The two most important effects were month at 
starting test and weight on test. The effect of month was highly 
significant on all the growth and carcass traits, and it accounted for 
more than 20% of the residual mean squares on average (from 12% to 42%) 
by removal. The influence of month in LR guts was stronger than in LR 
boars and LW boars and gilts. The effect of weight on test contributed 
almost 50% of the variance for the trait weight off test. All other 
traits, except ADG and FCR in LW guts, showed a significant influence 
of weight on test. Comparing the difference between sexes, weight on 
test was more important in boars on the two traits ADG and FCR. 
As animals within breeds were from a large single herd and continually 
breeding over the time, it is possible to divide the data into 
different subclasses of time period and to compare the accuracy between 
them. Table 3.8 shows residual mean squares estimated by using time 
periods of four different lengths. It is concluded that 4—week time 
period is better than other longer ones. 
Parity showed significant influences on all traits except shoulder fat, 
although it contributed less than 1% of the variation. Because one of 
the main objectives in the present study is to estimate relationships 
of growth and carcass traits with reproduction traits, the maternal 
effects of parity and size of litters are of special interest. The 
least square constants for ADG, C fat and mean fat in different 
parities are therefore presented in Table 3.9. It seems clear from 
Table 3.9 that pigs from the first two parities grew faster and had 
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Table 3.7 Significance levels for the fixed effects and the percentage 
increase in residual mean squares by omitting the fixed effect 
Partial regressions on 
Trait Breed Sex Months Parities LS  
weight 	age 	days 
on test on test on test 
LR 	N 	16.13*** 0.42*** 0.11 NS 46.37*** 0.69*** 059*** 
FWr 	F 28.10*** 1.16*** -0.04 NS 50.19*** 0.15 ** 0.41*** 
LW 	M 	17.13*** 0.78*** 0.15 NS 51.73*** 1.15*** 1.12' 
F 20.84*** 0.25 * 0.53 ** 39.60*** 0.04 NS 0.65*** 
LR 	N 	16.28*** 0.44*** 0.11 NS 3.62*** 0.70*** 0.08 * 
P.DG 	F 28.22*** 1.16*** -0.04 NS 0.43*** 0.16 ** -0.00 NS 
LW 	N 	17.15*** 0.81' 	0.17 NS 3.08*** 1.18*** -0.01 NS 
F 21.33*** 0.26 * 0.52 ** 0.04 NS 0.03 NS 0.00 NS 
LR 	N 	14.46*** 0.35*** 0.04 NS 3.51*** 0.80* 	0.11 * 
FCP. 	 F 18.29*** 1.16*** -0.06 NS 0.54*** 0.22*** -0.02 NS 
LW 	N 	14.71*** 0.74*** 0.19 NS 2.55*** 0.90' 	0.04 NS 
F 11.92*** 0.25 * 0.52 ** 0.03 NS 0.01 NS -0.00 NS 
LR 	N 14.54*** 0.88*** 0.07 NS 2.17*** -0.00 NS 0.03 NS 
CFAT 	 F 21.05*** 033*** -0.09 NS 1.53*** -0.02 NS -0.01 NS 
LW 	N 	13.87*** 0.32 ** 0.28 * 1.87*** 0.10 * -0.01 NS 
F 16.94*** 0.29 ** 0.29 * 1.23*** -0.02 NS -0.02 NS 
LR 	N 12.56*** 1.05*** 0.05 NS 2.26*** 0.04 NS -0.00 NS 
KFAT 	 F 	18.82*** 0.45*** -0.05 NS 1.71*** 0.11 * 0.01 NS 
LW 	N 12.62*** 045*** 0.20 NS 1..66*** 0.17 ** -0.02 NS 
F 	14.58*** 0.56*** 0.21 NS 1.21*** -0.01 NS -0.01 NS 
LR 	N 	30.10*** 0.56*** 0.03 NS 1.41*** -0.02 NS 0.01 NS 
LFAT 	 F 27.46*** 0.13 * 0.00 NS 1.44*** -0.02 NS -0.02 NS 
LW 	N 	17.28*** 0.31 ** 0.32 * 1.05* 	-0.02 NS -0.02 NS 
F 13.05*** 0.22 ** 0.21 NS 0.98*** 0.02 NS -0.02 NS 
LR 	N 	31.04*** 0.29 ** 0.03 NS 0.96*** -0.01 NS 0.01 NS 
SFAT 	 F 42.39*** 0.09 NS -0.16 NS 0.48*** 0.00 NS -0.02 NS 
LW 	N 	31.04*** 0.15 NS -0.02 NS 0.69*** -0.02 NS -0.02 NS 
F 32.36*** -0.02 NS 0.12 NS 0.39*** 0.09 * -0.02 NS 
LR 	N 	14.41*** 085*** 0.02 NS 2.26*** -0.02 NS 0.03 NS 
MFAT 	 F 23.16*** 0.29 ** -0.08 NS 1.66*** -0.02 NS -0.02 NS 
LW 	N 	14.96*** 0.34 ** 0.23 * 1.69*** 0.03 NS -0.02 NS 
F 16.64*** 0.21 * 0.27 * 1.21*** 0.00 NS -0.02 NS 
Significance levels: 	p<O.00l; ** p<O.Ol; * p<O.OS; NS= not significant. 
47 
Table 3.8 Percentage increase in residual mean squares by using 
different time periods compared with using 4 weeks 
Traits 	Breeds 	Sexes 	8 weeks 	3 months 	6 months 
LR N 1.671 2.202 5.970 
F 2.381 3.872 6.403 
FWT LW N 2.691 3.131 5.948 
F 1.112 3.842 5.249 
LR M 1.688 2.279 6.072 
F 2.382 3.819 6.344 
DG LW N 2.586 3.084 5.721 
F 1.072 3.859 5.269 
LR N 1.765 2.086 6.497 
F 2.626 3.590 6.296 
FR LW N 3.127 3.034 6.076 
F 1.022 2.970 4.605 
LB. N 3.541 5.918 8.161 
F 3.141 5.449 7.584 
CFAT LW N 0.976 5.982 9.133 
F 1.503 3.588 8.945 
LB. N 5.727 6.057 9.349 
F 4.162 4.393 9.324 
KFAT LW N 1.685 2.894 6.160 
F 3.011 3.722 3.529 
LB. N 2.667 5.612 7.490 
F 2.281 4.580 5.765 
LFAT LW N 2.061 6.288 7.678 
F 1.016 2.464 7.198 
LB. N 3.450 5.860 8.119 
F 3.577 6.301 7.453 
SFAT LW N 1.063 5.839 7.656 
F 1.614 3.586 7.275 
LB N 3.871 7.040 8.155 
F 4.120 8.399 9.635 
MFAT LW N 1.221 7.061 9.508 
F 1.745 5.565 10.528 
Table 3.9 The effect of parity on growth and carcass traits expressed 
as the least square constants 
LW 
Traits Parities 
F 	 M 	 F 
8.32 11.37 8.12 4.24 
2 5.87 4.72 12.41 5.97 
DG (g) 	3 5.84 -2.12 -0.53 -0.57 
4 -5.58 -5.20 -7.87 -7.55 
5-7 -14.65 -9.27 -12.42 -2.10 
1 -0.26 -0.16 -0.14 -0.15 
2 -0.10 -0.08 -0.05 -0.16 
CFAT (nim) 	3 0.12 0.06 -0.12 -0.10 
4 0.01. 0.05 0.34 0.10 
5-7 0.23 0.14 - 	 -0.03 0.31 
1 -0.22 -0.14 -0.11 -0.10 
2 -0.09 -0.03 -0.07 -0.16 
MFAT (mm) 	3 0.13 0.06 -0.18 -0.02 
4 -0.05 0.03 0.29 0.03 
5-7 0.23 0.09 0.06 0.25 
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more favourable backfat than those from later litters. The ADG in 
first parity was higher than that in second parity in LR, while in LW 
it was the other way round. Higher values for ADG in the first parity 
differed from Standal's (1973) and Willeke et al's (1979) results. 
They found lower growth rate in guts' litters, which led them to 
conclude that there was an unfavourable environmental effect in gilt 
litters. High growth rate and thin backfat in the first parity and 
decrease (for ADG) or increase (for backfat thickness) after the second 
parity in this study are probably due to the following reasons. 
higher cumulative genetic improvement in growth rate and backfat 
thickness in the pigs from early litters. The generation interval 
of the pigs from early litters is shorter than that from later 
litters. The cumulative selection pressure within contemporary gro1, 
therefore, is higher in early litters than in later litters. The 
cumulative genetic gain is a function of cumulative selection 
A- 
dferentia1s. 
selection for reproductivity in sow herd, particularly in LR sow 
herd. The sows which produced more than two litters could have been 
those with large size of litters, which might be counter selection 
on growth and carcass traits. 
Size of litter is considered to be an effect on growth traits 
(Standal,1973; Willeke et al, 1979). 	Pigs from large litters grow 
more slowly than those from smaller ones. In this data, however, 
litter size only significantly influenced the growth rate in LW gilts. 
The reason for no significant effect in the other pigs is probably due 
to the fact that crossfostering was practised in these populations when 
piglets were born, which could reduce the difference between litters. 
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Table 3.10 Percentage (%) increase in residual mean squares 
by omitting the fixed effect(s) 
Fit all fixed effects except Only Fit _______________________________ fit 
MON 	PAR LS 	SWTAGE DAY MCN nothing 
LR 	?1 16.13 	0.42 0.11 46.37 0.69 	0.59 50.46 99.96 F 28.10 1.16 -0.04 50.19 0.15 0.41 56.64 124.01 FWr 	LW 	M 17.13 	0.78 0.15 51.73 1.15 	1.12 55.84 108.13 F 20.84 0.25 0.53 39.60 0.04 0.65 47.57 105.16 
16.28 0.44 0.11 3.62 0.70 0.08 4.31 21.86 28.22 1.16 -0.04 0.43 0.16 -0.00 1.61 33.58 AGE 17.15 0.81 0.17 3.08 1.18 -0.01 4.27 20.27 
21.33 0.26 0.52 0.04 0.03 0.00 0.92 26.52 
14.46 0.35 0.04 3.51 0.80 0.11 4.08 18.58 
18.29 1.16 -0.06 0.54 0.22 -0.02 1.69 21.77 FR 14.71 0.74 0.19 2.55 0.90 0.04 3.65 16.94 
11.92 0.25 0.52 0.03 0.01 -0.00 0.88 15.38 
14.54 0.88 0.07 2.17 -0.00 0.03 3.49 44.12 
21.05 0.33 -0.09 1.53 -0.02 -001 1.96 46.54 CFAT 13.87 0.32 0.28 1.87 0.10 -0.01 2.47 27.96 
16.94 0.29 0.29 1.23 -0.02 -0.02 1.97 24.97 
12.56 1.05 0.05 2.26 0.04 -0.00 3.58 58.00 
18.82 0.45 -0.05 1.71 0.11 0.01. 2.18 60.40 KFAT 12.62 0.45 0.20 1.66 0.17 -0.02 2.29 37.11 
14.58 0.56 0.21 1.21 -0.01 -0.01 1.94 32.45 
30.10 0.56 0.03 1.41 -0.02 0.01 2.29 33.22 
27.46 0.13 0.00 1.44 -0.02 -0.02 1.78 31.91 LFAT 17.28 0.31 0.32 1.05 -0.02 -0.02 1.74 19.71 
13.05 0.22 0.21 0.98 0.02 -0.02 1.73 19.59 
31.04 0.29 0.03 0.96 -0.01 0.01 1.64 129.84 
42.39 0.09 -0.16 0.48 0.00 -0.02 0.57 151.02 SFAT 31.04 0.15 -0.02 0.69 -0.02 -0.02 0.83 93.84 
32.86 -0.02 0.12 0.39 0.09 -0.02 0.82 97.94 
14.41 0.85 0.02 2.26 -0.02 0.03 3.57 67.12 
23.16 0.29 -0.08 1.66 -0.02 -0.02 2.06 80.33 MFAT 14.96 0.34 0.23 1.69 0.03 -0.02 2.26 46.29 
16.64 0.21 0.27 1.21 0.00 -0.02 1.96 45.17 
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As a complement to Table 3.7, the percentage increase in residual mean 
squares by omitting each of the fixed effects in turn and omitting all 
of them except month are presented in Table 3.10. As expected, the sum 
of the increase in residual mean squares by omitting a single fixed 
effect in turn was different from that by omitting all the fixed 
effects at the same time. This implies that there were some 
correlations between the estimates of the fixed effects. 
(4) Residual variance 
The estimation of the genetic parameters is based on an assumption of 
homogeneous residual variance, i.e. the residual variance (Ow) of the 
data used to estimate genetic parameters should be constant over time. 
Combining the data with heterogeneous Ows would result in biased 
estimations. It is therefore helpful to get some idea about the data 
and model used by comparing the Ows of the data in different periods, 
between breeds and between sexes. Figure 3.12 shows the Ows of ADG in 
different years estimated by model (3). It is obvious that the Ow of 
ADG within breed and within sex in the first five years were similar 
and can be considered to be homogeneous. The most striking finding 
from Figure 3.12 is that Ows of ADG were suddenly highly increased in 
the last year. 
A comparison of the two sexes is useful, although sex and feeding 
regime are confounded. In the two breeds, boars had higher Ow than 
gilts in the whole period. This may result from the different feeding 
regime employed between bears and guts, i.e. the level of the 
restriction imposed on the average daily feed allowance (ADFA) was 
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different. ADFA in boars was close to ad-libitum feeding compared with 
other studies (i.e. McPhee, 1981) and can be described as liberal 
feeding, while in guts it was more restricted. The fact that Ow under 
restricted feeding is lower than that under liberal feeding is in 
agreement with other studies (i.e. Cameron et al, 1988), and may be 
due to the reduction in ability of the pigs under restricted feeding to 
express their growth potentials. 
The different residual variances between boars and guts may result 
from feeding regime, sex, or a combination of them. From the present 
data it is not possible to discriminate between true feeding regime 
effect and sex difference, but no evidence of such a large effect of 
sex on Ow of growth rate was found in previous studies. On the 
contrary, the similarity in Ow of ADG between sexes was observed in 
Australian data (personal communication, C.P. McPhee). 
In an attempt to investigate the time when the residual variances 
changed in the last two years, the data in that period were analysed 
with a new model. Keeping all the other sources of variation the same, 
the new model adopted 2 months as a time period instead of 13 months 
(one year) as shown in Figure 3.13. It is concluded that residual 
variances in the whole period of the last year were higher and more 
variable than in the previous year. 
The increased residual variance indicates that there were some other 
environmental effects involved in the last year, which were not fitted 
in the model. As ADG is a function of weight on test and weight off 
test, changes of environment could occur in the period before test and 
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during test. In order to examine other possible sources of variation 
before test and during test, the residual variances of weight on test 
and weight off test in different years and in different months within 
the last two years were graphed in Figure 3.14, 3.15, 3.16 and 3.17 
based on model (3) but without the effects of weight on test and days 
on test for the variance of weight on test. As for ADG, the residual 
variances of weight on test and weight off test in the last year were 
higher and more variable than in the provious year. Therefore, the 
higher residual variance of ADG may result from the higher residual 
variances of both weight on test and weight off test in the last year. 
The weaner accommodation was refurbished in the last year, which might 
explain some of the high residual variance of ADG. Pigs grew slowly in 
the old weaner accommodation, so that there could have been an element 
of compensatory growth during the test period, i.e. pigs penned in old 
accommodation grew slowly before test and fast during test. If the 
hypothesis of the compensato,r growth is true, the residual correlation 
(rw) between ADG and weight on test should be highly negative, and 
growth rate before test in the first five years should be lower than in 
the last year. From a preliminary study, however, the true value of rw 
was low and positive (0.1), and growth rate before test in the final 
year was similar to that in the other years. 
Distribution of the residuals of ADG, weight on test and weight off 
test may reflect unknown environmental changes. For instance, diseased 
animal would be expected to show a higher residual variance of ADG than 
normal animals. From preliminary studies, the distributions of ADG 
were wider in the last year than that in the previous year, but no 
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extreme animal was found. This indicates that some 	extreme 
environmental effect like disease on growth rate was probably not 
important. 
The residual variance in the last year might be reduced by using 
shorter time periods, which would take into account the details of the 
environmental changes. Instead of a month, a week was adopted as a 
time period. Although the residual variance was reduced by the new 
model, the reduction is small, for instance, in LR boars it was reduced 
from 8860 to 8415 grammes (5%). 
In summary, the increased residual variance of growth rate in the last 
year is difficult to explain and might be due to the effect of 
accommodation, feed composition, feed refused and operator. Because 
none of them were recorded, it is not possible on the basis of the 
present data to reduce the variance by fitting more effects in the 
model. The data sets for the first five years and the last year could 
not be combined due to the different residual variances. Therefore, 
the data in the last year is excluded from the whole data in subsequent 
analyses. 
(5) Genetic variances and parameters 
Estimates of sire variances, heritabilities and their standard errors 
are given in Table 3.11. All heritability estimates are highly 
significantly different from zero. Within breed and sex, 	the 
heritabilities of the three growth traits are similar, as are those of 
C fat and K fat and of L fat and S fat. The most striking result in 
Table 3.11 Sire variance ( 6s2- ), residual variance (6w) and heritahiljtjes ( h2 ) 
N 	 F 	 F 
6 	6 	h2. s. e. 	6s 	6w 	h s. e. 	6 
	 L 	 2. s' 6: 	h2 	S. e. 	6s 6 	h s. e. 
FWT (kg) 0.91 15.07 0.19 0.04 1.02 8.75 0.36 0.06 1.59 14.00 0.42 0.07 1.12 10.21 0.34 0.06 
)\DG (g) 286 4784 0.18 0.04 317 2702 0.36 0.06 628 4414 0.42 0.07 352 3125 0.34 0.06 
FCR * 1458 31481 0.15 0.04 2163 21064 0.32 0.06 2788 22729 0.38 0.07 2022 19883 0.31 0.06 
CFAT (mm) 0.25 1.66 0.42 0.07 0.29 1.49 0.57 0.08 0.33 2.87 0.35 0.06 0.24 2.60 0.29 0.06 
KFAT (mm) 0.28 1.72.0.46 0.07 0.29 1.45 0.59 0.08 0.33 2.64 0.38 0.07 0.24 2.32 0.32 0.06 
LFAT (mm) 0.11 1.66 0.22 0.05 0.11 1.54 0.24 0.05 0.15 2.40 0.21 0.05 0.19 2.31 0.25 0.06 
SFAT (mm) 0.32 4.59 0.22 0.05 0.39 3.96 0.31 0.06 0.53 6.54 0.26 0.05 0.42 4.84 0.27 0.06 
MFAT (mm) 0.20 1.48 0.39 0.07 0.22 1.29 0.51 0.07 0.26 2.40 0.33 0.06 0.19 2.02 0.28 0.06 
* 	x 1000000 
2 
x 1000000 
Table 3.11 is that LW boars had more than twice the genetic variation 
than LR boars in three growth traits. The heritability estimates for 
growth rate in females are similar for the two breeds. among the 
ultrasonic measurements of backfat depth, LR had higher heritabilities 
of C fat and K fat than LW pigs. Comparing the difference between 
sexes within breed, the heritability estimates for all the four 
ultrasonic measurements are lower in boars than in guts in LR and 
higher in boars than in guts in LW. C fat and K fat had higher 
heritabilities than the other two measurements of backfat. 
Genetic correlations with their standard errors, environmental and 
phenotypic correlations in each breed and each sex are given in Table 
3.12 and 3.13. As expected, the high genetic and environmental 
correlations among ADG, FR and weight off test indicate that they were 
actually the same traits if adjustments were made for weight on test. 
Most of the genetic correlations between growth traits and backfat 
measurements in the boars of the two breeds were unfavourable, low and 
not significantly different from zero. In the guts of the two breeds, 
on the contrary, they were favourable and all of them except the one 
between growth traits and shoulder fat in LW guts were significantly 
different from zero. This indicates that backfat depths will be 
reduced by selection on growth rate in the gilts under restricted 
feeding. The differences between all the genetic correlations of 
growth rate and backfat thickness between boars and guts in the two 
breeds were significant, except the one between growth rate and 
shoulder fat in LW pigs. The average of environmental correlations of 
growth traits with backfat depths in the boars of the two breeds was 
about 0.22 and most of them had the same sign (positive) as the genetic 
Table 3.12 Estimates of genetic correlations (above diagonal) 
and their standard errors (below diagonal) 
7 
1 1.00 -1.00 0.11 0.16 0.16 0.27 0.19 
2 0.00 -1.00 0.11 0.15 0.16 0.27 0.19 
3 0.25 0.25 -0.14 -0.18 -0.18 -0.27 -0.21 
LR 4 0.13 0.13 0.14 0.99 0.94 0.79 0.99 
M ) 	5 0.13 0.13 0.14 0.01 0.90 0.75 0.97 
6 0.15 0.15 0.16 0.04 0.04 0.71 0.93 
7 0.14 0.14 0.16 0.06 0.07 0.09 0.88 
8 0.13 0.13 0.15 0.01 0.01 0.03 0.03 
1 1.00 -1.00 -0.48 -0.46 -0.37 -0.51 -0.50 
2 0.00 -1.00 -0.48 -0.46 -0.37 -0.51 -0.50 
3 0.11 0.11 0.47 0.45 0.34 0.52 0.50 
LR 4 0.09 0.09 0.09 0.99 0.84 0.74 0.96 
F ) 	5 0.09 0.09 0.09 0.01 0.85 0.73 0.96 
6 0.11 0.11 0.11 0.05 0.04 0.70 0.89 
7 0.10 0.10 0.10 0.06 0.06 0.08 0.87 
8 0.09 0.09 0.09 0.01 0.01 0.03 0.03 
1 1.00 -0.99 0.03 0.03 -0.19 0.06 -0.00 
2 0.00 -0.99 0.03 0.03 -0.18 0.05 -0.00 
3 0.12 0.11 -0.05 -0.05 0.16 -0.06 0.02 
LW 4 0.12 0.12 0.13 0.97 0.80 0.73 0.97 
M ) 	5 0.12 0.12 0.12 0.01 0.77 0.74 0.96 
6 0.13 0.13 0.14 0.06 0.06 0.47 0.80 
7 0.13 0.13 0.13 0.07 0.07 0.12 0.86 
8 0.12 0.12 0.13 0.01 0.01 0.05 0.04 
1 1.00 -1.00 -0.37 -0.45 -0.35 -0.15 -0.38 
2 0.00 -1.00 -0.36 -0.45 -0.34 -0.16 -0.37 
3 0.15 0.15 0.33 0.42 0.33 0.15 0.35 
LW 4 0.13 0.13 0.13 0.99 0.59 0.59 0.92 
F ) 	5 0.12 0.12 0.12 0.01 0.62 0.54 0.91 
6 0.13 0.13 0.13 0.09 0.09 0.48 0.76 
7 0.14 0.14 0.14 0.09 0.10 0.11 0.81 
8 0.13 0.13 0.13 0.02 0.02 0.06 0.05 
1 Weight off test 2 Average daily gain 	3 Food conversion ratio 
4 Cfat 5 Kfat 6 Lfat 
7 Sfat 8 Mfat 
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Table 3.13 	Estimates of environmental (above diagonal) 
and phenotypic correlations (below diagonal) 
1 2 3 4 5 6 7 8 
1 1.00 -0.98 0.20 0.21 0.18 0.15 0.22 
2 1.00 -0.98 0.20 0.20 0.18 0.15 0.22 
3 -0.98 -0.99 -0.21 -0.21 -0.19 -0.17 -0.24 
LR 4 0.17 0.17 -0.18 0.82 0.51 0.44 0.82 
:1 	) 5 0.18 0.18 -0.19 0.90 0.53 0.45 0.83 
6 0.17 0.17 -0.19 0.63 0.63 0.37 0.72 
7 0.18 0.17 -0.19 0.54 0.53 0.44 0.80 
8 0.21 0.21 -0.22 0.89 0.88 0.77 0.81 
1 1.00 -0.99 0.22 0.22 0.11 0.19 0.24 
2 1.00 -0.99 0.23 0.23 0.12 0.19 0.25 
3 -0.99 -0.99 -0.23 -0.23 -0.12 -0.22 -0.26 
LR 4 -0.10 -0.10 0.08 0.72 0.49 0.38 0.77 
F 	) 5 -0.10 -0.09 0.07 0.88 0.48 0.39 0.77 
6 -0.03 -0.03 0.01 0.59 0.59 0.30 0.71 
7 -0.04 -0.04 0.02 0.52 0.52 0.41 0.78 
8 -0.08 -0.08 0.05 0.87 0.87 0.75 0.80 
1 1.00 -0.98 0.23 0.22 0.23 0.19 0.26 
2 1.00 -0.97 0.23 0.22 0.23 0.19 0.26 
3 -0.98 -0.98 -0.23 -0.23 -0.23 -0.21 -0.27 
LW 4 0.15 0.15 -0.17 0.86 0.58 0.53 0.86 
N ) 5 0.14 0.14 -0.16 0.90 0.61 0.55 0.88 
6 0.10 0.10 -0.12 0.63 0.64 0.44 0.76 
7 0.15 0.14 -0.16 0.59 0.61 0.45 0.82 
8 0.16 0.16 -0.18 0.90 0.91 0.76 0.83 
1 1.00 -0.99 -0.02 0.02 0.08 0.03 0.04 
2 1.00 -0.99 -0.02 0.02 0.08 0.03 0.03 
3 -0.99 -0.99 0.02 -0.03 -0.09 -0.05 -0.04 
LW 4 -0.13 -0.13 0.11 0.85 0.62 0.56 0.88 
F 	) 5 -0.13 -0.13 0.11 0.89 0.64 0.58 0.89 
6 -0.05 -0.05 0.03 0.61 0.63 0.49 0.79 
7 -0.03 -0.03 0.01 0.57 0.57 0.49 0.82 
8 -0.09 -0.09 0.07 0.89 0.39 0.79 0.82 
1 	weight of test 2 	Average daily gain 3 Food conversion ratio 
4 C fat 5 K fat 6 L fat 
7 	Sfat 8 	Nfat 
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correlations. 	LR guts had higher unfavourable 	environmental 
correlations between growth traits and backfat thickness than LW gilts 
and their signs were opposite to those of genetic correlations. 
4 Discussion 
The data set is from large populations. Because of the nature of the 
herd (nucleus), particular attention was paid to identification of 
animals and to accurate recording. Although the data are less powerful 
for answering some specific questions than experimental data, the 
genetic analyses are useful and most of the genetic parameters of 
growth and carcass traits are similar to published values. Moreover, 
studies of field data are valuable, since results from the field are 
not always consistent with those obtained under experimental conditions 
(David et al, 1983 ). 
Analysing the data in the way suggested by Standal (1973) and Willeke 
(1979) showed that the fixed effects of parity on growth rate and 
backfat thickness were significant. The high growth rate of progeny of 
first parity differs from other studies (Standal, 1973; Willeke, 
1979). The different magnitude of the parity effect between the models 
with and without random term implies a correlation between parities and 
dams The fast growth rate and thin backfat depth in the first parity 
may be due to both the higher cumulative genetic improvement in growth 
rate and backfat thickness in gilt litters and the selection for 
reproductivity in sow herd. 
Similarity in daily food intake between sexes and higher (unfavourable) 
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food conversion ratio in guts at the same body weight under ad-libitum 
feeding has been previously reported (McPhee, 1981). Poorer lean meat 
food conversion in guts under the same level of restrictive feeding as 
boars has been indicated by higher food conversion ratio and thicker 
backfat. Similarity in FCR and backfat depths between sexes was 
achieved under different feeding regimes in these populations, with 
large difference (13%) in feed allowance between sexes in this study. 
This may result from the consideration of the different lean tissue 
food conversion between boars and guts. 
The increased residual variance in growth rate in the last year is very 
difficult to explain. The heritability estimates of JDG from the data 
excluding the last year were reduced by including the last year from 
0.18, 0.36, 0.42 and 0.35 to 0.12, 0.28, 0.36 and 0.34 in the four 
lines of LR boars, LR guts, LW boars and LW guts, respectively. 
Although none of the differences between the pairs of the estimates was 
statistically significant, it has already been shown that the 
combination of the data with heterogeneous residual variances may 
result in a biased estimation. 
Difference in residual variance of IDG between ad-libitum and 
restricted feeding has been suggested by Cameron et al (1985, in 
press). A summary of residual variances of daily gain from analysis of 
the data kindly provided by Dr. C. P. McPhee is given in Table 3.14 
(the data set was described in McPhee et al, 1988). Although the data 
set was small (1346 observations), it shows that the residual variances 
of IG on ad-libitum feeding are higher than on restricted feeding, 
while the difference between boars and guts is negligible. In the 
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Table 3.14 	Differences in residual variance (6w) of ?DG 
between feeding regimes and between sexes 
Feeding regime 	ad-lib 	 restricted 
2. 
No. 	 No. 




4& 463 	1875 
443 	2233 
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present study, although feeding regime in boars was not ad-libitum, the 
level of restriction between sexes was very different. The feeding 
allowance in boars was liberal and close to ad-libitum feeding compared 
with other studies (NLC annual report; McPhee et al, 1981), which is 
also indicated by a higher percentage of feed refused in boars than 
that in gilts. Therefore, the difference in residual variance of ADG 
between boars and gilts may be mainly due to the effect of feeding 
regime. Possible explanations of higher residual variance under 
ad-libitum feeding may be that pigs had more opportunities to express 
their growth potential and that there was more variation between 
animals in their sensitivity to environmental fluctuations. 
The differences in genetic correlations of growth traits and backfat 
depths between liberal feeding in boars and restricted feeding in guts 
in the present study conform with KielanowSki'S (1968) hypothesis that 
backfat thickness should be decreased by using growth rate alone as the 
selection criterion with scale feeding. The results also support those 
of McPhee (1987, in press), who found a positive (0.35) genetic 
correlation between ADG and backfat thickness on ad-libitum feeding and 
favourably negative (-0.22) one on restricted feeding, which led him to 
advocate that selection for increased growth rate and decreased backfat 
thickness on ad-libitum feeding using an appropriate combination of 
growth rate and backfat is likely to have a slower response than 
selection on scale feeding. It seems clear that the genetic 
correlation between ADG and backfat thickness is strongly influenced by 
feeding regime and associated with partitioning of energy intake 
between lean and fat depositions. Under ad-libitum feeding, pigs would 
be favoured which grew quickly due to an increase in the rate of intake 
M. 
of food, whereas on restricted feeding those would be benefited which 
grew fast because they were able to partition energy towards lean 
tissue away from fat deposition, the latter having a higher energy cost 
than the former (Pullar and Webster, 1977). 
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Chapter 4 	Reproduction traits 
Introduction 
In chapter 3, the genetic parameters for growth and carcass traits were 
estimated. This chapter reports the sources of variation, both genetic 
and environmental, affecting litter traits. The heritability and 
repeatability estimates are of major interest. 
1. Material and methods 
Material 
As described in chapter 3, records available for growth rate and 
backfat thickness contained 1571 and 1553 litters in LR and LW breeds, 
respectively. The data were edited to include the litters produced by 
the females which were born after 1979 because only these animals had 
parental information. The remaining litters were 1018 for LR and 863 
for LW breeds as shown in table 4.1. 
Statistical methods 
Traits analysed were total number born at birth (LB), number born alive 
(LS) and total birth weight (TBWT). 
The data was analysed by the method of restricted maximum likelihood 
(REML) (Thomson,1982), using a computer package written by K. Meyer 
(1985). An individual animal model was fitted with a relationship 
matrix incorporated to account for the variance and covariance between 
M. 
Table 4.1 Number of years, sires and litters for LR and LW 
LR LW 
Years 	 5 5 
Sires 676 581 
Litters 	 1018 863 
Table 4.2 Means (X) and phenotypic standard deviations(6p) 
LR 	 LW 
Traits X dp X Cp 
LB 9.69 2.95 9.48 3.12 
LS 9.10 2.76 8.38 2.78 
VV 
TBf 14.63 4.41 11.70 3.90 
MPG 
the individual genetic effects. A random effect of litters was also 
included so that the covariance between litters from the same dam could 
be estimated. 
The other effects included in the model were: 
A) fixed effects 
time period: the time when the selected female was born. Each 
period consisted of 8 weeks (56 days). There were 37 and 33 periods in 
LR and LW pigs, respectively. 
parity: the parity when the selected females farrowed their 
litters. There were up to 4 parities in both breeds. 
mother's parity: the parity in which the selected females was 
born. There were up to 6 and 7 mothers' parities in LR and LW, 
respectively. 
mother's litter size: the size (number born alive) of the litter 
in which the selected female was born. In order to get an acceptable 
number of observations per subclass, the mother's litter size was coded 
into 14 classes as follows. 
1 : 1-3 born alive 
2-14 : 4-16 born alive 
B) covariables : In order to obtain the phenotypic correlation between 
litter traits and other performance traits, 5 covariables were fitted 
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in the model. They were: ADG, Cr, KF, LF and SF. 
2. Results 
Overall means and standard deviations 
The overall means and standard deviations for number born (LB), number 
born alive (LS) and total birth weight (TBWT) before fitting 
covariables and random effects in the two breeds are presented in table 
4.2. Both breeds had about the same number born but the number born 
alive was somewhat more for LR females, which indicated that more LW 
piglets died during or after birth. It is also clear from table 4.2 
that the average birth weight in LR was higher than in LW pigs, which 
might be the reason why LR piglets had higher survival rate. 
Fixed effects 
The significance levels for the four fixed effects in the two breeds 
are shown in table 4.3. As expected, parity and time period for all 
the three traits in both breeds reached significance levels. Number 
born (LB) and number born alive (LS) in LR seemed more sensitive to 
environmental changes than in LW breed. However, both mother's litter 
size and parity were not significant sources of variation. This 
indicates,in part, that one of the maternal effect specified by Avalos 
(1985) that the individuals either born or both born and reared in 
larger than average litters have themselves smaller litters than 
average ones when bred was not important in this study. However, 
maternal effects may be reduced as crossfostering was practised to 
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Table 4.3 Significance levels for the fixed effects 
Mother's 
Breeds Traits 	Parities Periods parities LS 
LB NS NS 
LR LS ** NS NS 
TBWT *** NS NS 
LB * * NS NS 
LW LS * * NS NS 
TBVT ***. *** NS NS 
Significance levels: *** p<0.001; ** p<O.Ol; * p<O.OS; NS not significant 
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equalize litter size in the nucleus herds of the company. 
The effect of parity on the litter traits acted in different ways in 
the two breeds on the three traits (see table 4.4). There was a sharp 
decrease of about 0.5 piglets from the first to second parity in LW 
breed, while the litter size in the first two parities was more or less 
the same in LR pigs. Both number born (LB) and number born alive (Ls) 
in LR saws consistently increased from the second to fourth parity. 
But LW sows had smaller litter size than LW gilts. Saws seemed to 
produce bigger or heavier piglets than gilts over the two breeds, 
particularly in LW saws because of the decreased LB and LS and 
increased TBWT in saws' litters. 
The phenotypic regression coefficients of the litter traits on growth 
rate and on backfat depths are presented in table 4.5. Although none 
of them were significantly different from zero, all the regression 
coefficients were negative. That is, leaner and/or slower growing 
females had larger litters. 
3) Parameter estimates 
Heritability and within animal repeatability estimates for the three 
litter traits in the two breeds are presented in table 4.6. All the 
repeatability estimates were low and generally about 0.15 over traits 
and breeds. Although with a lower heritability, the repeatability for 
number born alive (LS) in LR was similar to that in LW due to a much 
higher general environmental variance. Because the estimates of 
general environmental variances were zero, the estimates of 
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Table 4.4 	 Effect of parity on litter traits 
(the value relative to parity 1) 
LP. 	 LW 
Trait Parity 	No. Mean s.e. 	No. Mean se. 
1 406 0.00 351 0.00 
LB 	2 307 -0.05 0.21 260 -0.66 0.25 
3 200 0.49 0.25 168 -0.09 0.30 
4 105 1.05 0.32 84 0.10 0.39 
1 406 0.00 351 0.00 
LS 	2 307 -0.O& 0.20 260 -0.62 0.22 
3 200 0.22 0.24 168 -0.46 0.27 
4 105 0.60 0.31 84 -0.09 0.36 
1 406 0.00 351 0.00 
TBVT 	2 307 0.75 0.32 260 0.85 0.31 
3 200 1.42 0.37 168 0.76 0.37 
4 105 1.74 0.48 84 1.21 0.48 
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Table 4.5 Estimates of phenotypic regression coefficients 
of reproduction traits on ADG and backfat thickness 
LR 	 LW 
Repro. 	Growth  



















































Table 4.6 Estimates of variance component, heritability 
and repeatability 
LR LW 
Traits components variance 	s.e. variance s.e. 
1 0.853 	0.346 0.948 0.490 
2 0.478 0.758 
LB 3 6.691 	0.360 7.582 0.463 
4 0.106 0.043 0.102 0.054 
5 0.134 0.184 
1 0.489 	0.292 0.881 0.366 
2 0.620 0.199 
LS 3 6.196 	0.328 6.378 0.386 
4 0.067 0.042 0.118 0.040 
5 0.152 0.145 
2.071 	0.678 1.861 0.645 
2 0.000 0.000 
TB?T 3 15.639 	0.828 11.935 0.713 
4 0.117 0.036 0.135 0.044 
5 0.117 	0.036 0.135 0.044 
Note 1 = genetic variance 
2 = general environmental variance 
3 	special environmental variance 
4 = heritability 
S = repeatability 
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repeatabilities for total birth weight were the same as the 
heritabilities in the two breeds. 
Table 4.6 also gives the estimates of the heritabilities, sire and 
error variances and their standard errors. All the heritabilities over 
traits and breeds were significantly different from zero, except that 
for number born alive in LR pigs. The heritabilities and variance 
components for number born and total birth weight were similar in both 
breeds. But the heritability for number born alive in LR was lower 
than that in LW mainly due to a smaller sire variance, though the 
difference was not statistically significant. The drop of the genetic 
variation from number born to number born alive in LR was a striking 
result in table 4.6. Although sire and error variances varied between 
traits and breeds, in general, the estimate of the heritability for all 
the litter traits was about 0.11. 
3. Discussion 
Although the data set for the litter traits was not as large as that 
for growth rate and backfat thickness, the statistical method used in 
this study was powerful enough to get estimates of the genetic 
parameters with reasonably small standard errors. The estimated 
heritabilities in this study confirm that litter traits in pigs had low 
heritabilities (about 0.10) and are similar to other published values. 
For number born alive, the lower heritability estimate in LR than in LW 
agreed with other studies mentioned in chapter 2, although differences 
in absolute values between studies existed as is to be expected from 
the different conditions. However, there is a very close agreement to 
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the result of Avalos (1985), who obtained heritability estimates of 
0.08 for LR and 0.13 for LW in nucleus populations of a commercial 
company. 
The repeatability of a trait sets an upper limit to its heritability. 
The repeatability of 0.15 for litter traits obtained in the present 
study is in agreement with the results of other workers (Lush and 
Noun, 1942; Legault, 1970; Strang and King, 1970; Eikje, 1974). 
It was hypothesized (Revelle and Robison,1973; Nelson and Robison, 
1976; Rutledge, 1980; Van der Steen, 1983 and 1985; Van der Heyde 
and Lievens,1984) that females born or reared in larger litters than 
average would produce themselves smaller litters, which was defined as 
the negative maternal rearing effects. Fitting mother's litter size as 
a fixed effect in the model gave no evidence of these effects in this 
study, although the maternal rearing effect was confounded with the 
normal practice of crossfostering in the present study. It was 
impossible to extricate them because the size of the litter actually 
rearing was unknown. Moreover, the data set might not be big enough to 
test the maternal rearing effects. 
Both the genetic and phenotypic correlations between litter traits and 
backfat depths are generally thought to be negative (Berruecos,et 
al,1970; Morris, 1975; Vangen,1980), although estimates vary 
considerably between studies. In agreement with these studies, all the 
phenotypic regression coefficients of the litter traits on the backfat 
depths were negative (favourable) in the present study, though none of 
them were significantly different from zero. 
As shown in table 4.4, the effect of parity on litter traits was 
different between the two breeds. In LR, all the values of the three 
traits in the third and fourth parity were higher than in the first 
two. Any selection carried out on the performance in early parities 
could increase litter size in later parities. In LW, however, the size 
of litters in saws' parities was negatively related to guts' parities, 
in particular, there was a sharp decrease from the first to second 
parity. This is difficult to explain. 
In summary, the results from this study confirmed that (1) the 
heritabilities and repeatabilities of litter traits in pigs are low, 
approximately 0.11 and 0.15, respectively, (2) a maternal environmental 
effect on litter size is not important if crossfostering is practised, 
and (3) phenotypic correlations of litter traits with growth rate and 
backfat thickness are negative. 
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Part II PREDICTION OF RESPONSES TO SELECTION 
Chapter 5 	Measurement of selection applied 
Introduction 
An important objective of this study is to evaluate effectiveness of 
the selection for the intended traits. 	In this chapter, various 
selection differentials were calculated using different methods. The 
effectiveness of selection was then evaluated by comparing the 
different selection differentials. 
The traits concerned were index component traits of growth rate and 
four backfat measurements adjusted by final weight. 
1. Material and methods 
1) Description of selection 
The data set, breeds, management and test procedures have been 
described generally in previous chapters. The two breeds were selected 
for increased growth rate and decreased backfat thickness by means of 
an index. The composition of the index with various changes in terms 
of time is as described below 
Before May of 1981 
index = 660 x ADG - 2.86 x (C + K) - 4.38 x L - 1.58 x S 
Since May of 1981 
index = 660 x ADG - 3.30 x (C + K) - 4.71 x L - 3.30 x S 
where ?DG is the average daily gain in kg, C , K, L and S refer to 
backfat thickness in four positions as described in Chapter 3 in ann, 
adjusted for the deviation of final weight (body weight off test) from 
90 kg (females) or 100 kg (males). The aim of the adjustment was to 
reduce the differences of backfat thickness between animals due to 
variation in final weight. Coefficients of adjustment were changed 
once as shown in table 5.1. 
Before September of 1982, both boars and guts in the two breeds were 
selected completely on the indices described above. From September of 
1982, growth rate from weaning to begining of test was considered. 
From May of 1983, attention was paid to dams' litter size when LR guts 
were selected. More recently (from July of 1984), killing out 
percentage based on sibs' records was also under consideration. 
However, these selection criteria were not taken into full account (the 
detailed information on how much attention was paid to these additional 
performance traits was not available), and no alternative selection 
index was employed. Selection was still mainly on the indices above. 
Animals were normally selected within two week contemporary batches. 
Both boars and gilts were initially assessed according to visual 
conformation. Animals with physical faults and abnormalities (such as 
leg-weakness and bad teats) were culled. Around one third of available 
animals were thus rejected (P. Hiley, personal communication). 
Selection according to the selection index was then practised among the 
remaining animals. As shown in table 5.2, there were about 60 animals 
off test each batch on average. On average, one male and three females 
Table 5.1 	Coefficients of adjustment for backfat depths 
(adjusted for the deviation of final weight 
from 100 kg for males or from 90 kg for females) 
Coefficients 
Backfat 
before March of 1982 	since March of 1982 
CF (mm/kg) 0.085 0.170 
KF (mm/kg) 0.070 0.140 
LF (mm/kg) 0.080 0.160 
SF (mm/kg) 0.150 0.250 
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Table 5.2 	Summary of records 
LR 	 LW 
N F N F 
 130 463 117 387 
 4115 4640 3636 3425 
 134 134 130 130 
 0.970 3.455 0.900 2.977 
 30.907 34.627 27.969 26.346 
 1 	: 31 3 	: 30 1 	: 31 3 	: 27 
 2.055 1.674 2.055 1.602 
Note (1) Total selected animals 
Total tested animals 
Number of batches 
Average selected animals within batch 
Average tested animals within batch 
Rounded average ratio of selected to tested animals within batch 
Average intensity of selection within batch 
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were selected from their contemporary group. In practice selection was 
mainly according to the estimated phenotypic selection differential in 
the values of the index on the batch basis. As shown in table 5.3, the 
proportion of selected animals varied from batch to batch. Selection 
intensity was also affected by reproductive rate. 
2) Statistical methods 
The selection applied in both sexes in the two breeds was estimated as 
the average selection differential of all selected boars or guts born 
in each batch. Unweighted selection differential (UWSD), weighted 
selection differential (WSD), maximum potential selection differential 
(MPSD), theoretical correlated selection differential (TCSD) on the 
individual trait when selection was applied to the index, and 
theoretical selection differential (TSSD) if only the individual trait 
was selected were estimated for both sexes in the two breeds as 
described below. 
For each selected individual, the selection differential was calculated 
as the deviation of its own phenotypic value from the mean phenotypic 
value of all the individuals of the same sex in the same breed tested 
in the same batch. 
a) IJWSD vs WSD 
The average tJWSD was simply calculated by averaging the mean selection 
differential of the selected animals in each batch. ¶JWSD for a trait 
measures the average superiority of selected animals over their 
Table 5.3 The number of tested and selected animals recorded in each batch 
LR 	 LW 	 LR 	 LW 
12345 	2345 	12345 	2 
1140124 110102 68311381 361264 
2221234 272282 69321352 282153 
3402326 331253 70261397 261151 
4300323 331261 71283485 270155 
5382346 330214 72350366 290278 
6310282 272321 73281310 252273 
7392404 522394 74342314 271272 
8230411 311281 75490447 442293 
9331172 210183 76331242 302192 
10333528 310112 77370353 160292 
11392413 210354 78420415 241371 
12202163 200294 79411336 321413 
13301336 451396 80201293 261112 
14411273 193141 81240244 140112 
15150152 101404 82281305 232242 
16251546 322315 83292315 221224 
17320403 290181 84380271 200323 
18230311 672516 85503389 291406 
19481627 250423 86330300 461353 
20302274 330182 87211262 293 71 
21301272 60 00 88270205 250163 
2221191 160224 89302346 281213 
23191302 232284 90331105 422255 
24462254 221293 91382433 270233 
25300504 352230 92290406 490312 
26181224 202162 93301214 282252 
27231334 90142 94160224 270172 
28210272 112174 95291363 230272 
29191232 170293 96273350 231246 
30221413 411234 97350194 301454 
31402223 231233 98253344 331102 
32251354 270221 99300305 331395 
33492413 232132 100291403 341184 
34432585 210284 101452454 240234 
35291425 372373 102402384 281302 
36220412 231375 103431484 301353 
37542234 481607 104300341 251352 
38432475 262354 105351553 271222 
3928092 310174 106411324 201120 
40400424 161214 107400383 270163 
41312474 141122 108261343 181213 
42272185 221357 109220314 321224 
43662576 290312 110281321 292332 
44510263 291414 111291295 401391 
45242483 240283 112561303 431323 
46220331 523334 113150472 180341 
47190305 250272 114170370 501513 
48251272 111182 115522624 371101 
49221342 160232 116120253 210345 
50391455 271273 117180563 18194 
51190368 292243 118311253 252183 
52340371 240162 119261404 442223 
53263412 331221 120310264 391547 
54300314 162265 121251605 230 91 
55341395 321195 122371182 170352 
56163222 210291 123140284 261303 
57111153 280205 124160233 340262 
58 6 0 27 3 26 1 35 3 125 27 1 35 3 29 0 40 2 
59240323 291392 126311384 192240 
60322262 251102 127392542 180202 
61191141 212195 128420553 270524 
62442383 331232 129200323 370150 
63372386 430388 130281170 390391 
64262230 372271 131281292 
65290515 330346 132200345 
66291362 333285 13380362 
67352413 230142 134301202 
1 batch number 
2 number of tested boars 3 number of selected bears 
4 - number of tested guts 5 - number of selected guts 
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contemporaries. 
Weighted selection differential is the phenotypic deviations of 
selected animals weighted by their proportionate contribution to the 
individuals that are measured in the next generation (Falconer, 1981). 
The average WSD was calculated as follows. 




Average WSD = 
sum N 
Where WSD is the mean weighted selection differential of each batch, SD 
is the phenotypic deviation of each selected animal from the batch 
mean, n is the number of offspring contributed by the selected animal 
and N is the number of batches. 
The weighted selection differential may partly take account of the 
effects of natural selection. 	If the selected animals' phenotypic 
values for the character being selected are related to the differences 
of fertility, then natural selection will affect the artificial 
selection. WSD for a trait measures the amount of selection pressure 
that is relevant to the response observed in the mean of the offspring 
generations. So WSD is considered to be the effective selection 
differential and was used to estimated genetic response. 
A comparison of WSD with IJWSD provides one indication of the presence 
of natural selection. 
b) Actual selection differential vs MPSD 
The actual selection differential here refers to the UWSD. The maximum 
potential selection differential was calculated by averaging the 
phenotypic deviations of animals (the same number as were actually 
selected) with the largest values of the index from the mean phenotypic 
index value of all the individuals of the same sex in the same breed 
tested in the same batch. An average maximum potential selection 
differential was the simple mean of the MPSD of each batch. 
A comparison of actual selection differential with maximum potential 
selection differential provides an evaluation of the effectiveness of 
selection that actually occurred related to the maximum potential if 
the top-ranked individuals had consistently been the individuals used 
as replacements. 
C) TCSD vs TSSD 
An evaluation of the relative magnitude of each individual trait (x) in 
the selection index (I) is provided by comparing the theoretical 
correlated selection differential (TCSD) on the individual trait when 
selection was applied to the index with the theoretical selection 
differential (TSSD) if only the individual trait was selected. 
Formulae (Falconer, 1981) used to calculate TCSD and TSSD were, 
TSSD =i 6 
x (p)x 
TCSD=b 	i 6 
(p)XI I (p)I 
where i is the intensity of selection, 6 	is the phenotypic 
(p) 
standard deviation, b 	is the coefficient of the 
(p)XI 
phenotypic regression of individual trait (x) on the 
index (I). 
2. Results and discussion 
1) Unweighted SD (UWSD) vs weighted SD (WSD) 
Average WSDs, TJWSDs and the ratios of WSDs to tJWSD5 on per generation 
basis for selected sires (N), dams (F) and midparents (P) in the index 
and individual traits are presented in table 5.4a,table 5.4b and table 
5.4c. 
In the two breeds, averaged UWSD5 in standard deviation units in the 
index and IDG in males were higher than in females. Averaged UWSD5 in 
the index and ADG in the two breeds were quite close to each other 
within sexes, and the values were about 1.19 6p in males and 0.78 6p  in 
females. Comparing IJWSD5 of the index in males with those in females 
indicates that about 63% of midparents selection defferentials were 
from selected males over the two breeds. 
Table 5.4a 	Comparison of average selection differentials C SD ). 
calculated from different methods 
1. 	Index and growth rate 
LR LW 
Variable 	Item 
N F P N F P 
 78.82 46.91 62.37 81.36 47.09 64.48 
 79.28 46.55 62.92 80.04 49.22 64.63 
 109.32 79.17 94.25 111.73 82.70 97.22 
(4)* 139.36 97.31 118.34 134.16 97.79 115.98 
Index 
A (%) 99.42 100.77 100.10 102.27 95.67 98.97 
I 	(%) 72.52 58.80 65.66 71.64 59.52 65.58 
B (%) 1.17 0.80 0.99 1.23 0.81 1.02 
C 	(%) 78.44 81.36 79.90 83.28 84.57 83.93 
 102.58 53.59 78.09 	101.31 51.22 76.27 
 100.07 53.71 77.22 97.48 52.11 74.80 
 132.22 87.21 109.72 	129.48 83.18 106.33 
 175.59 107.82 141.71 157.10 101.32 129.21 
DG (gram)  178.05 113.65 145.85 	171.41 113.89 142.65 
A (%) 102.51 99.78 101.15 	102.90 98.29 100.60 
T (%) 76.18 61.59 68.88 75.29 62.65 68.97 
B (%) 1.16 0.79 0.98 	1.17 0.73 0.95 
C (%) 75.30 80.89 78.09 	82.42 82.10 82.26 
D (%) 98.62 94.87 96.75 91.65 88.96 90.31 
p (%) 105.05 104.74 105.15 	105.09 105.26 105.19 
Note 	(1) = Weighted SD (2) = Unweighted SD 
 = Maximum potential SD (4)* = Theoretical SD 
 = Theoretical correlated SD 
 = Theoretical SD if only a single trait was selected 
A = (1)/(2) x 100 I = 	(2)/(3) 	x 100 
T = (2)/(3) x 100 B = (2)/ do 









	Comparison of average selection differentials ( SD 
calculated from different methods 
2. C and K backfat depths 
-5.39 -7.79 -6.34 
-7.12 -7.53 -7.33 
-14.51 -14.58 -14.55 
-15.61 -18.29 -16.95 
-37.89 -30.63 -34.26 
82.72 103.45 93.09 
49.07 51.65 50.36 
	
0.39 	0.41 	0.40 
92.95 79.72 86.33 
41.20 59.71 50.46 
67.66 87.84 77.75 
-5.19 -7.69 -6.44 
-6.58 -7.23 -6.91 
-12.78 -13.15 -12.97 
-12.96 -16.54 -14.75 
-39.15 -30.74 -34.95 
78.88 106.36 92.62 
51.49 54.98 •53.24 
0.35 	0.39 	0.37 
98.61 79.50 89.06 
33.10 53.81 43.45 
71.00 93.50 82.25  
-9.20 -9.03 -9.12 
-10.75 -9.95 -10.35 
-17.54 -19.34 -18.44 
-19.45 -22.00 -20.73 
-42.99 -33.56 -38.28 
85.58 90.75 88.17 
61.29 51.45 56.37 
0.51 	0.47 	0.49 
90.18 87.91 89.05 
45.24 65.55 55.40 
85.55 86.44 85.10 
-7.45 -8.08 -7.77 
-8.63 -9.03 -8.83 
-15.80 -17.86 -16.83 
-17.71 -20.15 -18.93 
-42.38 -32.44 -37.41 
86.33 89.48 87.91 
54.62 50.56 52.59 
0.42 	0.45 	0.44 
89.22 88.64 88.93 
41.79 62.12 51.95 
76.24 84.49 80.37 
CF (mmxl0) 
KF (nunx10) 
Note 	(1) = Weighted SD (2) 	= Unweighted SD 
 = maximum potential SD (4)* = Theoretical SD 
 = Theoretical correlated SD 
 = Theoretical SD if only a single trait was selected 
A = (1)/(2) 	x 100 I = (2)/(3) 	x 100 
T = (2)/(3) x 100 3 = (2)/ áo 
C = (3)/(4) 	x 100 C* = (3)/(4)* x 100 
D = (4)/(5) x 100 P = T/I x 100 
LR 




Table 5.4c 	Comparison of average selection differentials C SD 
calculated from different methods 
3. L and S backfat depths 
-6.32 -7.15 -6.99 
-7.91 -6.78 -7.35 
-12.43 -12.43 -12.43 
-13.80 -14.99 -14.40 
-34.14 -27.98 -31.06 
86.22 105.46 95.84 
63.64 54.55 59.09 
	
0.48 	0.41 	0.45 
90.07 82.92 86.50 
40.42 53.57 47.00 
87.76 92.77 90.27 
-12.43 -10.12 -11.28 
-14.13 -10.85 -12.49 
-22.50 -22.22 -22.36 
-23.13 -25.01 -24.07 
-74.33 -61.83 -68.08 
87.97 93.27 90.62 
62.80 48.83 55.82 
0.39 	0.29 	0.34 
97.28 88.84 93.06 
31.12 40.45 35.79 
86.60 83.04 84.82  
-10.32 -7.50 -9.21 
-10.54 -9.02 -9.78 
-14.86 -15.41 -15.14 
-18.38 -17.71 -18.05 
-39.60 -30.85 -35.23 
102.66 84.26 93.46 
70.93 58.53 64.73 
0.55 	0.47 	0.51 
80.85 87.01 83.93 
46.41 57.41 51.91 
99.01 98.34 98.68 
-13.40 -12.31 -12.86 
-13.25 -12.89 -13.07 
-24.98 -25.05 -25.02 
-28.71 -26.21 -27.46 
-75.57 -57.92 -66.75 
101.13 95.50 98.32 
53.04 51.46 52.25 
0.36 	0.36 	0.36 
87.01 95.74 91.29 
37.99 45.25 41.62 
74.04 86.46 80.25 
LF (mrnx10) 
SF (imnxlO) 
Note 	(1) = Weighted SD (2) = Unweighted SD 
 = Maximum potential SD (4)* = Theoretical SD 
 = Theoretical correlated SD 
 = Theoretical SD if only a single trait was selected 
A = (1)/(2) 	x 100 I = (2)/(3) 	x 100 
T = (2)/(3) 	x 100 B = (2)/ 61p 
C = (3)/(4) x 100 C (3)/(4)* x 100 
D = (4)/(5) 	x 100 P = T/I x 100 
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In backfat thickness, however, the averaged UWSDs in both sexes were 
similar but lower (less than 0.50 Cp On average) than those in ADG. 
This was largely due to less selection pressure on backfat thickness in 
the index and the phenotypic correlations between the index and backfat 
thickness in females being much more favourable than in males (see next 
section for details). 
Selection differentials have been extensively calculated in both dairy 
and beef cattle. Relatively few such calculations have been conducted 
in pigs. Two studies in North America showed opposite results. UWSDs 
calculated from field records (David and Johnson, 1982) showed that 
breeders in Nebraska placed relatively higher emphasis on growth rate 
than that on backfat, which is in agreement with the present study. In 
contrast, Kennedy (1984) reported that breeders in Ontario paid more 
attention to backfat thickness than to growth rate. This led Kennedy 
(1984) to conclude that the differences probably reflect a response to 
the different emphasis placed on backfat in the marketing systems in 
the United States and Canada. 
Comparing WSDs with UWSDs for primary traits provides an evaluation of 
how much natural selection had occurred. In the two breeds, the ratio 
of WSD to TJWSD in ADG was 100% in both sexes, approximately. This 
indicated that, within the selected group, faster and slower growing 
animals contributed similar number of offspring to the next generation 
therefore natural selection for this trait is not important. A similar 
situation was found in LR females in the averaged backfat depths. In 
LR males and LW males and females, however, the averaged WSDs in 
backfat thickness were only 84, 94 and 90% of the averaged UWSDs. This 
Wj 
indicated that fatter animals contributed more individuals to the next 
generation than leaner ones, particularly in LR males and LW females. 
The possible explanations for the failure of leaner animals to 
contribute more offspring could be (1) leaner animals were employed for 
a shorter period due to physical faults or abnormalities (such as 
leg-weakness), (2) leaner females did not conceive as easily. 
2) TJWSD vs maximum potential SD (MPSD) 
Comparing actual selection differentials (UWSDs) with MPSDs provides an 
evaluation of how actual selection was in relation to intended 
selection. 
As shown in table 5.4a, the ratios of UWSDs to NPSDs indicated that 
about 73% and 72% of the maximum opportunity in the index in sires were 
utilized in LR and LW pigs,respectively. Similarly, the ratios for 
darns indicated that about 59% and 60% of the maximum selection 
potential among darns were used. Initial culling on visual assessment 
of conformation, infertility of selected animals, and unsoundness, 
death or sale of top-ranked selected individuals before they produced 
any offspring and unintended attention to other performance traits were 
likely to be the reasons for failure to use the maximum opportunity in 
parents. Another major reason for not realising the maximum potential 
was that the selection criteria were not straightforward in this study, 
i.e. attention was paid to other performance traits besides the traits 
included in the index since Sepember of 1982. Growth rate from weaning 
to the begining of test for all pigs , dams' litter size for LR gilts 
and killing out percentage based on sibs' records for all pigs were 
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taken into account since September of 1982, May of 1983 and July of 
1984, respectively. 
A comparison of the selection differentials in different periods might 
be useful for evaluating the effect of these selection criteria on the 
ratio of UWSD to MPSD in the index. 
The trends of UWSDs and MPSDs in the index in both sexes in the two 
breeds are shown in figure 5.1-4. The period used in the figures was 6 
batches. The value of selection differential of each period was the 
average value of the 6 batches. Over the whole period of selection in 
the two breeds, the difference between UWSD and MPSD in males was more 
variable than in females. This was due to the intensity of selection 
in boars being higher, which resulted in the ratio of UWSD to MPSD in 
boars being more sensitive to other unintended and/or intended 
selection criteria. In both sexes in the two breeds, MPSDs were kept 
more or less the same over the whole period. 	In contrast, tJ?7SDs 
declined and the gaps betweem UWSDS and MPSDs increased after period 10 
(September of 1982, approximately), showing the effect of selection for 
other performance traits on the ratio of UWSD to MPSD in the index. 
The average ratios of UWSDs to MPSD5 in the index in the two different 
selection periods, before and after period 10 , are summarized in table 
5.5. It is clear from the table that selection for additional traits 
resulted in about 20% of selection pressure on average for the index 
being reduced. 
3) TCSD vs TSSD 
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Table 5.5 Average ratios of UWSDs to MPSDs in the index 
in different selection periods 
Breeds 	LR 	 LW 
	
Sexes Periods 1-11 12-23 	1-11 12-21 
M 	 82.36 	62.17 	79.35 	64.47 
F 	 69.09 	48.75 	69.89 	49.40 
WVA 
Comparing the theoretical correlated selection defferential (TCSD) on 
the individual trait when selection was applied to the index with the 
theoretical expected selection differential (TSSD) 	if only the 
individual trait was selected provides an evaluation of the relative 
magnitude of each individual trait in the selection index. 
Coefficients of the phenotypic regression of the selection index on 
individual traits, phenotypic standard deviations of the index and 
individual traits are shown in table 5.6 (see chapter 6 for details on 
methods). TCSD, TSSD and the ratio of TCSD to TSSD in individual 
traits are presented in table 5.4a, table 5.4b and table 5.4c. 	For 
ADG, the ratio of TCSD to TSSD indicated that about 97% and 90% of 
selection potential in terms of single trait selection was achieved in 
LR and LW pigs, respectively. However, with respect to selection for 
backfat thickness, averaged ratios of TCSDs to TSSDs in the 
measurements of the four positions indicated that only 36%, 52%, 43% 
and 58% of the potential selection differentials were utilized in LR 
boars, guts and LW boars and guts, respectively. 
An overall comparison of magnitude of ADG with that of backfat depths 
in the index indicated that more attention was paid to ?JJG in the two 
breeds. In LR pigs, the magnitudes of selection pressure on ADG and 
backfat thickness were higher and lower respectively compared with LW 
pigs. The differences of the magnitudes of individual traits in the 
index between sexes were about 16% for backfat thickness, about 3% for 
ADG over the two breeds. 
4) Relative emphasis on individual traits in actual selection 
Table 5.6 Summary of regression coefficients of selection index on 
growth rate (g)  and backfat depths (ima x 10) 
and phenotypic standard deviations 
Breeds Traits 	bm 	6(p)iu 	bf 	6(p)m 
DG 1.260 86.640 1.108 67.890 
CF 0.112 18.438 0.188 18.297 
LR 	KF 0.093 19.049 0.170 18.363 
LF 0.099 16.611 0.154 16.713 
SF 0.166 36.168 0.257 36.935 




















For multiple trait selection, observed ratios of tJWSDs to MPSDs in 
individual traits are equivalent to the observed ratio in the index 
only when the selection is fully applied to the intended index. In 
practice, however, the magnitude of each individual trait in the 
effective actual selection index may be different from those in the 
intended index. For instance, if extra attention was paid to ADG in 
the selection, i.e. selection was according to both growth rate and 
the value of the intended index, the ratio of UWSD to MPSD in ADG 
should be higher than that in the value of the intended index. 
Comparing the observed ratios of tJWSDs to MPSDs in the individual 
traits (T) with that in the intended index (I) provides an evaluation 
of relative emphasis of individual traits in the actual selection index 
to that in the intended index. 
The ratios (P) of T to I in individual traits are presented in table 
5.4a, table 5.4b and table 5.4c. Over sexes and breeds, averaged 
ratios were 105% for ADG and 85% for the four measurements of backfat 
thickness. This proves that extra attention was paid to ADG and less 
to backfat depths in the effective actual selection, which could be for 
a number of reasons: 
a) Initial culling on visual assessment of the conformation over the 
whole period of selection. Although detailed information on 
conformation was not available, fatter animals were possibly better in 
conformation. The visually acceptable animals were therefore possibly 
fatter than the rejected ones. Although the intended index was 
practised among the remaining animals, potential selection differential 
in backfat thickness was less among remaining animals than in the 
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tested animals as a whole. 	In contrast, growth rate was perhaps 
positively associated with the visual conformation, bigger animals 
being more acceptable. 
b) Additional selection for growth rate from weaning to test since 
September of 1982. The phenotypic and genetic correlations between 
growth rate before and during test were normally positive, which 
increased the weight of ADG in the effective actual selection compared 
with that in the index. 
3 	Conclusion 
In the nucleus populations of the company, selection was mainly 
according to an index, although the selection criteria varied over the 
whole period. 
The index for both sexes in the two breeds showed that ADG received 
major emphasis. Moreover, extra attention was paid to ?DG in practice 
as shown by the effective selection differential to the index, which is 
probably due to the selection policy (initial culling on visual 
assessment of the conformation and additional selection for growth rate 
from weaning to test) in favour of ADG. Opportunity for selection for 
ADG was much greater in boars than in gilts due to a smaller fraction 
needed for replacement, a higher phenotypic variance in boars and a 
similar phenotypic correlation between index and ADG in both sexes. 
Conversely, the weighting of backfat thickness in the index was 
relatively small over breeds and sexes. A further reduction in 
emphasis on backfat thickness occured in actual selection. Although 
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the intensity of selection in boars was higher, observed selection 
differentials in backfat thickness were similar in both sexes due 
largely to the similar phenotypic variances in both sexes and lower 
negative phenotypic correlation between the index and backfat thickness 
in males. 
The comparison of WSDs with UWSDs indicated that fatter animals in the 
selected group generally contributed more offspring than leaner 
animals. Conformation, infertility and fewer or smaller litters of 
leaner animals were likely to be the reasons for the unexpected result. 
The maximum selection potential in the index utilized was about 73% in 
males and about 60% in females in the two breeds over the whole period 
of selection, respectively. Less selection potential was utilized in 
females probably due to additional attention to other intended and/or 
unintended traits. The ratios of UWSD5 to ?IPSDs fluctuated from time 
to time. The major change in the ratios occured around September of 
1982. Before that time, selection was only based on the index and the 
ratios were 81% in males and 63% in females in the two breeds. Since 
then, other performance traits were considered besides the index and 
the ratios were reduced to 69% and 49% , respectively. The reasons for 
failure to use the maximum selection opportunity in parents have been 
discussed in previous section. 
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Chapter 6 Prediction of the genetic response to selection 
Introduction 
In this chapter we consider the prediction of responses to selection 
for growth rate and adjusted backfat depths. Based on several 
assumptions, selection responses were predicted from the estimated 
parameters, effective selection differentials and generation intervals. 
1. Material and methods 
Material 
All aspects of the data set, environment, management, test and 
selection procedures have been described in previous chapters. 
Statistical methods 
A) Basic population parameter estimates 
Estimates of the phenotypic and genetic variances of and covariances 
between growth rate and unadjusted backfat depths were given in chapter 
3 using the computer program LSML 76 (Harvey, 1977). Since adjusted 
backfat depths were used in the index, the selection responses were 
predicted from the parameters estimated from data on adjusted backfat 
thickness (as described in chapter 5). 
The same models used in chapter 3 were adopted to estimate the 
phenotypic and genetic variances of and covariances between the index, 
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growth rate and adjusted backfat depths in this chapter. 
The weighted selection differentials (WSD) of the index in both sexes 
in the two breeds calculated in chapter 5 were used to predict the 
responses to selection for the traits studied. 
B) Prediction of genetic response per generation of selection 
The formulae used to predict the responses were principally based on 
Falconer (1981) and derived as follows. 
Notation used in formulae is outlined below 
6(p) = phenotypic standard deviation. 
S = weighted selection differential. 
h = heritability. 
r(A) = genetic correlation. 
b(A) = genetic regression. 
R = response per generation of selection. 
CR = correlated response per generation of selection. 
x,I,m and f refer to individual trait, index, male and 
female, respectively. 
For example, r 	= the genetic correlation between individual 
xI(A)mf 
trait in males and the index in females. 
a) Direct response in the index 
The response to selection is simply predicted by the formula below 
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2 
R = S h 	 (1) 
However, this formula is based on the assumption that S and h in both 
sexes are the same and the genetic correlation between sexes is one. 
If S and h in males and females are different (the case in this study) 
and the genetic correlation between sexes is less than one, the 
correlated response (cR) in one sex (say males) when selection is 
applied to the other sex (females) is given by the regression of the 
breeding value of males on the response of females 
cR = b 	R 	 (2) 
m 	(A)mf f 
C 	h 
(p)m m 
where b 	= 
(A)mf (A)mf 6 h 
(p)f f 
The response in males due to selection in both sexes is 
R 	= 0.5 ( R + cR ) 	 (3) 
IM m m 
b) Correlated responses in individual traits 
In the index, observed WSD measures the effective selection 
differential for predicting the expected response. For the component 
traits, however, achieved WSDs are equivalent to effective selection 
differentials only when the index and all the individual traits are 
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phenotypically and genetically independent (Dickerson et al, 1954, 
Magee, 1965). 
Based on the premise that the selection was only on the index, the 
consequent change of each correlated individual trait is given by the 
regression of the breeding value of the individual trait on the 
response of the index. 




If the coefficient of the genetic regression of the index in one sex 
(say males) on individual trait in another sex (say females), or vice 
versa, does not equal 1, then CR in one sex (say males) is 
CR =0.5(b 	R +b 	R ) 	 (5) 
xm 	xI(A)mm Im xI(A)mf If 






In this study, the prediction of selection response is based on the 
following assumption: 
r 	=O.5(r 	+r 
xI(A)mf 	XI(A)MM 	xI(A)ff 
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C) Prediction of annual genetic gain 
The formulae used to calculate expected annual genetic gain (G) were 
based principally on Smith (1984) as below. 
For the index G = R / L 
For individual traits G = CR / L 
where R and CR refer to direct and correlated response per generation 
of selection and L is the generation interval calculated as the average 
age of the parents at the birth of their selected offspring. 
The coefficient of the annual genetic gain (CG) (the annual genetic 
gain expresed as a percentage of the mean) was calculated as follow: 
CG = 100 G / N 
where N is the overall mean of the trait. 
2. Results 
1) Basic population parameters 
The overall means and phenotypic standard deviations, together with the 
estimates of the genetic correlations and square root of heritabilities 
obtained from paternal half-sibs, for the index, growth rate and 
adjusted backfat depths are presented in table 6.1. 
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Table 6.1 Basic population parameters 
LB. LW 
Traits  
M F M F 
67.81 58.13 65.29 61.05 
Index h 0.449 0.702 0.677 0.622 
L 1.187 1.187 1.208 1.208 
WSD 78.82 46.91 81.86 47.09 
X 423.50 350.12 449.51 352.03 
65 86.64 67.89 83.41 71.09 
ADG (g) h 0.428 0.602 0.651 0.587 
rA 0.892 0.955 0.932 0.939 
X 1015.72 895.64 1089.42 943.56 
0'p 18.44 18.30 20.92 20.95 
CF (mmxl0) h 0.651 0.778 0.604 0.566 
rA -0.568 -0.822 -0.534 -0.746 
X 115.05 111.70 120.76 123.07 
19.05 18.36 20.62 20.25 
KF (mmx10) h 0.677 0.788 0.628 0.592 
rA -0.484 -0.795 -0.491 -0.778 
X 126.14 121.45 131.29 131.36 
16.61 *19.27 19.25 
LF (mmxl0) h 0.472 0.540 0.517 0.550 
rA -0.567 -0.771 -0.682 -0.699 
X 143.75 142.00 149.37 151.67 
dp 36.17 36.94 36.78 36.16 
SF (mrnx10) h 0.458 0.623 0.527 0.533 
rA -0.457 -0.825 -0.536 -0.624 
X 343.40 332.95 349.95 347.94 
Note 	Op = phenotypic standard diviation 
h = square root of the heritability 
L = generation interval 
WSD weighted selection differential 
rA = genetic correlation between individual trait and index within 
sex 
X = overall mean of the trait 
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The heritabilities of adjusted and unadjusted backfat thickness in the 
same position were similar. For the index, heritability in females 
(0.49) was more than twice of that in males (0.20) in LR breed. 	In 
contrast, the heritability of the index was similar between males 
(0.46) and females (0.39) in LW pigs. 	In general, the genetic 
correlations between the index and ADG were higher than those between 
the index and backfat depths over sexes and breeds. Average rA between 
the index and ADG was 0.93 while that between the index and backfat 
thickness was -0.65. 
The genetic correlations between the index and ?DG in the two breeds 
indicated that there was not much difference between sexes. However, 
the genetic correlations between the index and backfat depths were 
different between sexes, with averaged values of -0.52, -0.80, -0.56 
and -0.71 in LR boars and gilts and LW boars and guts, respectively. 
As shown in table 6.2, with respect to genetic correlations between ADG 
and adjusted backfat depths, big differences were found between sexes. 
2) Prediction of selection response 
A) Prediction of direct response in the index 
With the 6p, h, WSD and L calculated for these populations, the 
predicted annual genetic gains (G) and coefficients of the annual 
genetic gains (CG) based on the assumption of r(A)mf=1 for the index 
are presented in table 6.3. 
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N F N F 
-0.12 -0.62 -0.21 -0.51 
-0.02 -0.58 -0.16 -0.56 
-0.16 -0.58 -0.44 -0.49 
-0.06 -0.68 -0.26 -0.40 
Table 6.3 Predicted selection responses for the index 
LW 
N F N F 
13.96 18.71 24.30 20.89 








Although with larger 6p and WSD, G in LR males was lower than in LR 
females largely due to the much lower heritability of the index in 
boars. In contrast in LW with similar heritabilities of the index in 
males and females, G in males was higher than in females because of the 
much higher WSD in boars. 
B) Prediction of correlated responses in individual traits 
The predicted annual genetic gains (G) for all the individual traits 
are presented in table 6.4. With respect to change in ADG in LR pigs, 
G in males was smaller than in females for the same reason as for G in 
the index. Conversely in LW, with higher 6p and h and a similar rA 
between sexes, G of ADG in males was higher than in females. Predicted 
annual genetic gains expressed as a percentage of the overall mean (see 
table 6.5) in ADG were 1.52%, 1.97%, 2.56% and 2.28% in LR boars, gilts 
and LW boars and guts, respectively. 
With similar 6p and h but higher negative rA than males, Gs in females 
were higher than in males for all the measurements of backfat thickness 
in the Uk breed. 
Although receiving lower selection pressure, Gs in C and K fat were 
higher than those in ADG over sexes and breeds mainly due to higher 
heritabilities and higher coefficients of variance (CV) of backfat 
depths. 
3. Discussion 
Table 6.4 Predicted annual genetic gains for individual traits 
LR 	 LW 
Trait M F N F 
PDG (g) 15.46 17.62 27.86 21.48 
CF 	(nun) -0.350 -0.497 -0.398 -0.443 
KF (nun) -0.363 -0.508 -0.387 -0.453 
LF (mm) -0.223 -0.299 -0.401 -0.404 
SF (nun) -0.404 -0.778 -0.589 -0.632 
Table 6.5 	Coefficients of the predicted annual genetic gains (CG) 
LW 
Trait 	 N 	F 	N 	 F 
ADG (%) 1.52 1.97 2.56 2.28 
CF (%) 3.03 4.45 3.29 3.59 
KF (%) 2.87 4.18 2.95 3.43 
LK 1.55 2.11 2.68 2.67 
SF (%) 1.17 2.33 1.68 1.81 
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1) Biases 
The validity of the results relies on some assumptions which are 
discussed below. 
The models used to predict selection responses assumed that no 
additional selection criteria were employed besides the index and the 
selection was simply mass selection. Any other alternative selection 
criteria could bias the predicted response due to incorrect calculation 
of effective selection differentials. The method used to calculate 
selection differentials in the present study failed to take into 
account the difference in weights on individual traits in the intended 
index and in the index actually applied in practice during selection. 
A proper way of calculating the effective selection differentials is by 
means of a retrospective index. As noted previously, however, it was 
impossible to calculate the retrospective index as no detailed 
information on the other traits selected in practice was available. 
The fact that more attention was paid to growth rate and less to 
backfat thickness in the actual selection could result in a lower 
prediction of selection response in ADG and a higher in backfat depths. 
Selection for backfat thickness was not, however, simply mass selection 
over the whole period, i.e. sibs' information was used since July of 
1984. This would produce a downwards bias in the prediction of backfat 
responses. 
Another sort of bias could occur when the assumptions were not true. 
All responses for the index might have been slightly over-predicted 
since rAs between sexes within traits may be less than one and true 
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values of r 	may be less than 0.5 ( r 	+ r 
xI(A)mf 	 XI(A)mm 	xI(A)ff 
Although there could be some biases as described above, the overall 
biases are unlikely to be large since some of these biases acted in 
opposite directions and might tend to cancel each other out. The 
predictions of Gs or CGs are therefore acceptable. 
2) Evaluation of the predicted response 
The expected response to selection normally does not equal the achieved 
one. Smith (1984) pointed out that in general the achieved response is 
somewhat lower than the response possible. Comparing estimated and 
expected responses to selection, Tixier and Sellier (1986) showed that 
the average ratio of estimated to expected response in ADG over two 
French pig breeds was less than 50 %. analysing a field data of pigs 
raised in a broad range of environmental conditions in Nebraska, David 
et al (1985) concluded that expected response was two times larger than 
estimated response when averaged across herds. 
The reason for the disagreement between the expected and achieved 
response is largely due to the difference between the expected and 
effective selection differentials. In practice, the expected response 
to selection is normally predicted from the genetic parameters and 
phenotypic standard deviations calculated from the population studied, 
and the expected selection intensity calculated from the average 
proportion of selected to total tested animals in each batch based on 
the assumption of normal distribution. Of these parameters, the 
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genetic variation and phenotypic standard deviation are largely beyond 
the breeder's control and contribute little variation to the difference 
between the expected and achieved response if they were estimated using 
unbiased methods. But the observed intensity of selection could vary 
from that predicted. 
The realized selection intensity is always lower than that expected in 
practice. The situation in the nucleus populations of the company may 
be typical of pig breeding herds. As shown in table 5.3, the number of 
tested animals and the proportion of selected animals varied from batch 
to batch. The ratios of the maximum potential selection differentials 
to the expected theoretical selection differentials in the index (see 
table 5.4) indicated that achieved selection intensities were about 82% 
of the expected intensities. 
The result from France was predicted from assumed parameters, and the 
authors noted that the sampling variance of the genetic parameters can 
be very high. Although the Nebraska result was predicted from the 
genetic variances and selection differentials calculated for the herds 
studied, the nature of the data was far from ideal due to high 
variation between herds and high proportion of eliminated individuals. 
In this study, however, the data were from nucleus populations and the 
results were predicted from estimates of the genetic parameters and 
achieved selection differentials. The predicted response to selection 
should be close to those realised. 
Estimation of the genetic response to selection in the last 10 years 
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Table 6.6 annual genetic gains (R) for growth and carcass traits 
in the literature 
Reference 	Trait 	Breed 	Country 	R 
1 ADG (g) LR Norway 4.3 
BF (nun) LR -0.94 
2 PDG (g) LW France 12 
BF 	(nun) LW -0.54 
3 PDG (g) LW+LR U.K. 5.0 
4 BF 	(nun) LW Canada -0.11 
LR -0.14 
5 ADG (g) LW France 2.9 
LR 1.0 
BF (mm) LW -0.26 
LR -0.16 
1 Standal (1979) 	 2 011ivier (1980) 
3 Mitchell et al (1982) 	 4 Hudson et al (1985) 
S Tixier et al (1986) 
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were given in some studies in pigs as shown in table 6.6. These 
responses were estimated either by use of control lines, or by the 
within-sire regression of progeny performance on time, or by the mixed 
model procedure. Generally, the annual genetic responses were about 5 
grams for IDG and -0.5 nun in backfat thickness. Because the testing 
procedures and selection criteria varied among studies, comparison of 
the responses between them are difficult to interpret. In the present 
study, the predicted selection response in ADG seems higher than other 
estimates, but in backfat depths similar to others. 
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Concluding Remarks 
The genetic improvement of pigs depends on the ability to identify 
suitable selection criteria and the application of effective selection 
within the population. The development of an optimal selection 
criterion which maximises the rate of genetic improvement in the 
desired direction relies on precise estimates of population parameters. 
Estimates of environmental effects on genetic parameters have been 
studied in the first part of this thesis. The residual variance 
provides a good check of the nature of the data. 	Maternal 
environmental effects are not important when crossfostering is 
practised. 
The heritability estimates from the present study are similar to other 
studies. The lower heritability of growth rate in LR boars means that 
the selection in guts plays a more important role in the improvement 
of this trait in LR breed. 
It has been reported that 75-80% of the cost of producing a pig fed 
ad-libitum is due to the food consumed (Wyllie et al, 1979), and that 
the genetic correlations of growth rate with food conversion ratio and 
backfat thickness are influenced by feeding regime (Kielanowski, 1968; 
Fowler at at, 1976; Wyllie et al, 1979; 	Standal and Vangen, 1985; 
McPhee et al, 198). The results of this study show that the genetic 
correlation of growth rate with backfat thickness is more favourable 
under scale feeding than under ad-libitum feeding. This indicates that 
selection for increased growth rate and decreased backfat depths on 
ad-libitum feeding using an appropriate combination of growth rate and 
backfat is likely to have a smaller response than selection on scale 
feeding. 
The need to include food conversion ratio in the selection criteria for 
pigs was indicated by Fowler et al (1976). The genetic correlation 
between growth rate and food conversion ratio was estimated in this 
thesis and the estimate was essentially one. On the basis of this 
estimate, the inclusion of food conversion ratio in the selection 
objective of the nucleus populations of the company is not necessary. 
The observed differences in genetic and phenotypic variances between 
sexes for growth rate and backfat thickness indicate the need for 
further study into the genetic relationships between sexes for these 
traits. This in turn may lead to an improvement in the efficiency of 
selection resulting from increasing the accuracy of the selection 
index. 
The results from the present study confirm the low values for 
heritability and repeatability of litter traits in pigs. Although sire 
and error variances varied between traits and breeds, in general the 
estimates of the heritability and repeatability for all the litter 
traits were 0.11 and 0.15, respectively, which are similar to those 
published in the literature. The optimal combination of litter traits 
with other traits in the selection criteria will depend on the genetic 
relationships among them. Further studies are therefore worthwhile for 
estimating the genetic correlations between litter and the other 
performance traits 
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It is clear from chapter 5 that growth rate received major emphasis in 
the selection index, and that extra attention was paid to this trait in 
selection as indicated by comparing the observed ratio of the 
unweighted selection differential to the maximum potential selection 
differential in the individual trait with that in the intended index. 
These indicate that the selection policy favoured growth rate. 
opportunity for selection for growth rate was much greater in boars 
than in gilts due to higher intensity of selection and phenotypic 
variance in boars and similar phenotypic correlations between index and 
growth rate in boars and guts. In contrast, observed selection 
differentials in backfat thickness in boars and guts were similar 
although the fraction needed for replacement in boars was smaller. 
This is largely due to the similar phenotypic variances in both sexes 
but lower negative phenotypic correlation between the index and backfat 
thickness in males. 
Natural selection acted in antagonism to selection for reduced backfat 
thickness. 	The comparison of weighted and unweighted selection 
differential indicates that fatter animals generally contributed more 
offspring than leaner ones. 
The maximum selection potential in the index utilized was about 73% in 
males and about 60% in females. This is about the same as in an 
Australian experimental herd (about 70% in males and 60% in females) 
(McPhee, personal communication) and higher than in American field data 
(41% in males and 31% in females) (David et al, 1985). 
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In chapter 6, the annual selection responses were predicted from the 
estimated genetic parameters, effective selection differentials and 
generation intervals. As expected, with higher heritability and 
selection differential, predicted annual genetic improvement of growth 
rate in LW boars was higher than in LW guts. In LR boars, however, 
the advantage of higher selection differential did not compensate for 
the disadvantage of lower heritability. As a result, the genetic 
improvement of growth rate in LR boars was lower than in LR gilts. 
Although they received lower selection pressure, predicted selection 
responses expressed as percentage of mean in C and K backfat depths 
were higher than those in growth rate over sexes and breeds, which is 
mainly due to both higher heritabilities and higher coefficients of 
variance (CV) of the two backfat measurements. 
In summary, the magnitude of the heritability estimates for growth rate 
and backfat thickness indicates that enough genetic variability existed 
within the populations. There were no serious antagonisms in the 
genetic relationships between the two traits. The application of 
selection for the performance traits within populations was effective. 
It is likely therefore that much of the predicted response may have 
been achieved in the nucleus herds of the company. 
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